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INTRODUCTION 


The economic importance and wide distribution of the mosaic or 
“calico’”’ disease of tobacco (Nicotiana tabacum \,.), as well asits dis- 
tinguishing characteristics, have been a matter of common knowledge 
among pathologists and practical growers for many years. The fact 
that mosaic occurs also on certain others of the Solanaceae is well 
recognized, but it has been known for only a comparatively short time 
that the Irish potato (Solanum tuberosum \,.) is su>ject to a similar 
malady. 

As will be shown, potato mosaic, although more common and appar- 
ently more destructive in certain sections of the United States than in 
others, is widely distributed in North America. While the data regarding 
it which have so far accumulated are necessarily limited, there is a 
tendency among those pathologists who have given the subject special 
study to regard it as a disease of great economic importance. The 
results of the studies described in this paper, chiefly those which throw 
light on the means of transmission of the disease, are made more sig- 
nificant by the fact that they were obtained in four different laboratories, 
partly through collaboration and partly as the result of independent 
work, 





1 This paper was read at the conference of potato pathologists on Long Island, June 26, r919. Anabstract 
was published in Phytopathology. 

The investigations were conducted as a cooperative project between the Office of Cotton, Truck, and 
Forage Crop Disease Investigations of the Bureau of Plant Industry and the Department of Plant 
Pathology of the Maine Agricultural Experiment Station. 

2 The authors wish to acknowledge their indebtedness to Dr. H. A. Edson and Dr. W. J. Morse for helpfuy 
suggestions and criticism of the manuscript and to Dr. Joseph Rosenbaum, Mr. M. Shapovalov, and 
Mr. G. B. Ramsey for assistance in furnishing material and collecting data. 
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GEOGRAPHICAL DISTRIBUTION’ OF POTATO MOSAIC 


Orton (9, p.\42)) in 1911 first observelf potato ‘mosai¢ in’ a ‘field at 
Giessen, Germany, where it was very common on some varieties. The fol- 
lowing year it was found to be prevalent in the potato fields in northern 
Maine but was not found in Wisconsin, Minnesota, Colorado, and other 
western states during an extended survey made in 1912 and 1913. In 1913 
Melchers (6, p. 153) observed symptoms of this disease in the greenhouse 
on potato plants from tubers from New York. More recently Wortley 
(12) reported it as very prevalent on the Bliss ‘Triumph variety in 
Bermuda and on Long Island, and Murphy (8) said that the disease 
occurred to a considerable extent in New Brunswick and to a less extent 
in western Canada. In 1917 and 1918, collaborators for the Plant 
Disease Survey reported it from the following states: Alabama, Arkansas, 
Connecticut, Delaware, Florida, Georgia, Kentucky, Louisiana, Maine, 
Massachusetts, Michigan, Minnesota, New Hampshire, New York, 
North Dakota, Ohio, Oregon, Texas, Vermont, Virginia, and Wisconsin. 
From these reports it is apparent that potato mosaic occurs rather 
generally throughout the United States. 

Although potato mosaic, named as such, has been reported for the 
first time within the last decade, the following statement made by 
Johnson (4) before the middle of the nineteenth century is of interest. 
In a description of a potato disease which seems to have somewhat 
resembled mosaic he says: 

The stem is unbranched, brownish green or mottled, and here and there sprinkled 
with rusty spots, which penetrate to the pith, so that it is not white but rust colored 
or sometimes black. The upper surface of the leaves is not as smooth as is usual in 
the case with potato leaves but rough, wrinkled, or curled. The leaves are far more 
sessile than usual, and are-not of a uniform brownish or dark green color, but spotted.? 

Johnson further says that this trouble can be produced by repeated 
removal of the sprouts before planting. 


EFFECTS UPON YIELD 


The yield from affected plants is less than that from healthy vines of 
the same variety. Orton (9, p. 42) as the result of an experiment with 
Green Mountain potatoes in ndrthern Maine reports a difference in yield 
of 22 per cent between 80 healthy and 80 diseased hills. Wortley (72) 
‘ states that 200 healthy Bliss Triumph hills yielded more than twice as 
much as 200 diseased hills of the same variety and that mosaic of potatoes 
in Bermuda frequently causes a reduction in yield of from 10 to 75 per 
cent. Murphy (8) compared 682 diseased Green Mountain hills, scat- 
tered over 11 plots, with the same number of healthy hills growing 
adjacent to the diseased hills. He found the yield of the former to be 





1 Reference is made by number (italic) to “‘ Literature cited,”’ p. 272-273. 
* Italics in this quotation are supplied by the writers. 
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but 58 per cent of the latter and concluded that in New Brunswick, 
Canada, the yield is reduced about 1} bushels for every 1 per cent of 
mosaic present. Reduction in yield reported by collaborators ‘of the 
Plant Disease Survey (zz) ranges from 5 to 30 per cent. Comparative 
results secured by the writers in northern Maine will be discussed later 
in connection with the questions of hill selection and roguing. 

The preceding statements refer to the comparative yields of healthy 
and entirely diseased lots and so may seem to be somewhat inapplicable 
to conditions where a large number of the plants are not diseased and 
where these may possibly be able to make up for the deficiency of 
affected plants by making better growth at their expense. However, the 
writers have found that often, in the absence of any control measures, a 
healthy lot of a susceptible variety will show symptoms of the disease 
in some hills the next year after being grown near to diseased stock 
and will thereafter from year to year have a larger percentage of hills 
affected. 

APPEARANCE OF THE DISEASED PLANTS 


Some of the symptoms will be described here, although the subject 
has already received considerable attention (6, 7, 8, ro), On Green 
Mountain or Bliss Triumph potatoes, the leaves of affected plants are 
characterized by mottling (Pl. A; B; 25), which is produced by the 
presence of light green areas on the foliage. These areas may occur on 
any part of the leaf; they may include or adjoin sections of the larger 
veins or not come in contact with them. The light green patches vary 
greatly in shape, being punctate, elongate, circular, angular, and irregular. 
Considerable variation in the degree of paleness may be seen even in the 
same small discolored patch, from a barely discernible fading of the green 
to an almost pure yellow. The abnormal spots differ in distinctness of 
outline, usually in proportion to the degree of discoloration. Their 
dimensions seldom exceed a few millimeters. Their frequency varies, 
usually becoming greater as the disease progresses and thus giving to the 
general appearance of the leaves a much lighter color than that of healthy 
foliage. In the more severely affected plants the foliage may become 
spotted with brown flecks of dead tissue. Furthermore, in the more 
advanced stages the foliage presents a characteristic crinkled or corru- 
gated appearance. In these stages the diseased plants are frequently 
dwarfed because the stems, the leaf petioles, and leaf blades are cori- 
siderably shortened or reduced in size. 

The symptoms as described above are not so marked in certain other 
varieties—for example, in Blue Victor, Early Rose, Irish Cobbler, Pearl, 
White Bliss, Carmen, Early Dix, Netted Gem, Peach Blow, Portuguese - 
Purple, and Spaulding Rose. In the first five named, decided rugosity 
is a characteristic of the disease. 
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So far no symptoms have been discovered by which mosaic can be 
recognized in the dormant tubers; nor has any effect upon the percentage 
of germination or the time of blossoming been observed, although pre- 
mature death may occur. 

The presence of mottling on the leaves is apparently modified by cli- 
matic conditions. It was found by planting a part of the same affected 
stock and strain in northern Maine and Colorado, that, whereas distinct 
mottling occurred in northern Maine, none whatever could be detected 
on the stock in Colorado during the same season. Similar tests were made 
at Washington, D.C., and in northern Maine; and although some mottling 
was noted at Washington there were a number of doubtful cases, while 
the same stock in northern Maine showed very distinct mottling. Melhus 
(7) found that.progeny of plants which were mottled in northern Maine 
did not show such symptoms in Iowa but showed symptoms of “curly 
dwarf.” 

For three successive seasons a number of lots of mosaic and healthy 
seed potatoes have been divided and planted at the two experimental 
farms of the Maine Agricultural Experiment Station. One of these 
farms is located in the northeastern and the other in the southwestern 
part of the state. Usually the part of a lot grown in southwestern Maine 
showed considerably less mottling than the part grown in northeastern 
Maine, while the reverse has never been noted. In two out of the three 
seasons these differences have been very marked. On the other hand, 
when the same lots which showed practically entire absence of mosaic 
mottling in one location—in southwestern Maine—one season were re- 
moved to the other and planted the following season, the mottling again 
appeared in marked degree. 


TRANSMISSION STUDIES 
TRANSMISSION BY TUBERS 


Orton (9) cites a preliminary experiment and suggests the probability 
of tuber transmission. Wortley (72) found that all tubers from affected 
plants produced foliage with mottled leaves. Stewart (zo) says that 
mosaic is transmitted through the tubers. As pointed out before, Melhus 
(7) showed that, under lowa conditions, plants from diseased tubers 
might not exhibit the mottling of the leaves but might show a dwarfing 
and curling of the foliage similar to ‘‘curly dwarf.” Murphy (8) says, 
“Mosaic is perpetuated by planting the tubers from diseased hills.” 
These conclusions are confirmed by evidence which has been secured 
by the writers and which will be presented later in connection with the 
questions of hill selection and roguing. 
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TRANSMISSION BY GRAFTING 


Experiments were carried out in the winter of 1916-17 at Washington, 
D. C., to see if it were possible to transmit the disease by grafting. In 
these experiments two methods of grafting were followed, the cleft-graft 
and the inarch. According to the first method the top of a young, 
apparently healthy, potato plant was removed, the base sliced down toa 
thin wedge and grafted in the place of the top of a diseased plant. The 
scion was held in place by winding with adhesive tape. Of six plants 
grafted in this way that grew well, all the scions showed evidence of 
the disease (Pl. 26, A). Four of the plants from which the scions were 
taken remained apparently healthy. The other two showed evidences of 
the disease. Grafts were made according to the inarch method by placing 
a healthy and a diseased plant side by side, slicing away a thin layer of 
the outer tissue of the stem, bringing the cut surfaces in close contact, and 
fixing them by wrappings of adhesive tape. After the plants had re- 
mained in contact for several days the stem of the healthy plant was cut 
below the point of attachment and the top of the diseased plant removed. 
In three grafts made in this way the scion of one became diseased while 
the parent plant remained healthy. The other two were doubtful. 
This last-mentioned method of grafting seemed not to be adapted to 
potato plants because, unless maintained in a very humid atmosphere 
the scions wilted. However, Gtissow (3) in 1918 by inarching a mosaic 
shoot on a healthy one found that no mosaic symptoms formed on the 
foliage of the sound plant but that tubers from it produced mosaic 
plants. 

The results obtained in these preliminary experiments were corrobo- 
rated by a number of experiments in the field in 1917, the results of which 
are shown in Table I. In this series no attempt was made to control 
aphids, nor were any observations made, after grafting, on the plants 
which supplied the scions. However, these plants were from 4 to 6 
inches high and free from mottling at the time of grafting. 


TABLE I.—Grafts of potato vines, Presque Isle, Me., 1917 





Num- Per- 
ber cent- 

| age 

ful. | "ot 





Bliss Triumph...} Healthy ‘scion on af- | 17 64. 71 
affected stock. 
Do. .| Green Mountain . . 17 58. 82 


























During the summer of 1918 grafting experiments were continued in 
northern Maine. Although more than 100 grafts were made, relatively 
few of these made sufficient growth, 4 to 12 inches, to show distinct 
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mottling. In order to study the behavior of the plants from which the 
scions were taken, these plants as well as the scions and stocks were 
labeled. Their performance is indicated in Table II under the heading 
of “Condition of parent vine.” The grafts were made when the plants 
were from 4 to 10 inches in height. In the majority of cases the cleft- 
graft method was used. After the insertion of the scion the contact 
between scion and stalk was effected by wrapping tightly with adhesive 
tape. The performance of these grafts is recorded in Table II. 


TaR_LE II.—Grafts of potato vines, Presque Isle, Me., 1918 





Num- 

Condition 

of parent 
vine. 





July 6 to Aug.17.| Bliss Triumph... .| Healthy scion | Healthy 
toend of 


.| Green Mountain. . 


.| Bliss Triumph...| Healthy scion |... 
on healthy 
k. 


.| Green Mountain. . 


Affected scion 
on healthy 
stock. 





.| Bliss Triumph ... 




















These results indicate plainly that distinct mottling of the healthy 
scions grafted upon diseased stocks had developed by the end of four or 
five weeks, whereas no mottling developed on either the parent plants 
or the healthy scions grafted upon healthy stocks. (See Pl. 27, A, B.) 
A few new shoots from stocks supporting affected scions showed mottling, 
but since only a small number of these grafts were made the results are 
inconclusive. 

In the winter of 1918-19, 61 Green Mountain grafts were made at 
Orono, Me., by means of the cleft-graft method already described. Of 
the 50 which survived, 14 consisted of healthy scions on healthy stocks 
and remained entirely healthy for from 43 to 82 days, 9 making new growth 
from the stock and 1 from the scion; 15 consisted of healthy scions on 
mosaic stocks; and 7 of these, or 41 per cent, developed mosaic on the 
scion in from 21 to 44 days, although the plants from which the scions 
came remained healthy. In the 7 mosaic scions there was usually a con- 
tinuation of leaf expansion, and the mosaic symptoms developed in the 
youngest leaves. The scions which remained healthy usually showed no 
good growth. Of 21 grafts consisting of a mosaic scion and a healthy 
stock, the one whose stock produced the most new growth showed 
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much wrinkling and some mottling on this new growth; 3 other stocks 
showed wrinkling only; and the rest remained healthy, even in the 
rather poorly developed new shoots. 


TRANSMISSION BY PLANT JUICES 


Attempts were made to inoculate tubers of the Green Mountain and 
Bliss Triumph varieties with juice from diseased plants. In these 
inoculation experiments the method followed was to divide the potato 
in half longitudinally, make a cavity in one piece, fill this cavity with 
the juice from the crushed stems and leaves of the diseased plants, and 
then plant this treated piece. The other half of the potato was planted 
in a separate pot as a control. In the first experiment, with four Bliss 
Triumph and four Green Mountain tubers, all the stalks from four of the 
inoculated portions of these tubers were typical mosaic plants. One of 
the control plants, corresponding to one of the inoculated portions 
which developed mosaic, also showed the disease. These experiments 
were repeated a number of times with larger numbers of tubers, but only 
occasionally did the inoculation appear to be successful. In all of the 
transmission experiments it has been difficult to secure seed-tuber lots 
which were absolutely free from mosaic contamination, so it was to be 
expected that occasionally both the inoculated and uninoculated parts 
of the same tuber would produce diseased plants. On the other hand, 
the uninoculated controls remained healthy in some experiments where 
the inoculated seed piece produced a mosaic plant, while the converse 
did not occur. Hence the evidence secured is presumptive that the 
disease can be transmitted by inoculating seed tubers with juices of 
affected plants. 

In northern Maine during the season of 1918, 50 hills of apparently 
healthy potato plants of the Green Mountain variety were treated with 
the filtered and unfiltered extracts from diseased tubers and leaves. 
These juices were applied by means of painting upon rubbed, bruised, 
or slashed leaves, and by hypodermic injection into the petioles. The 
plants at the time of this treatment, July 9 and 10, were about 12 inches 
tall and in actively growing condition. Observations on July 20 and on 
August 17 indicated that no treated plants had developed mottling but 
appeared like the controls, which were treated with water. In order to 
note whether this treatment of the foliage had any effect upon the tubers, 
progeny of these hills was reserved for study in 1919. 

On November 23, 1918, in a preliminary experiment in the green- 
house at Washington, D. C., juices extracted from potato vines were 
transferred to foliage of the Bliss Triumph variety. This operation was 
performed several times in the course of a month, the first inoculation 
being made when the plants were 3 to 6 inches high. By December 20, 
1918, fully 30 per cent of the inoculated plants showed mottling on the 
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youngest leaves. It was noted also that this mottling occurred only in 
connection with two very similar treatments. In view of these sug- 
gestive results, a similar experiment with the more promising of the 
methods employed in November, 1918, was begun February 22, 1919, 

In this experiment healthy plants from 17 different tubers of the 
Green Mountain variety were inoculated according to the methods indi- 
cated at the foot of Table III. At the time of planting, each of the 17 
tubers was halved lengthwise, so that for each treated plant an untreated 
control plant of the same tuber was obtained. The halves of each tuber 
were designated respectively x and y and with the same number. Each 
half tuber was planted in an 8-inch pot. 

At the time of the first inoculation, the height of the plants varied 
from 2 to 6 inches, and the number of shoots to each half tuber varied 
from two to seven. As shown in Table III, plants from the tuber halves 
472X, 483X, 473Y, 484x, 471y, and 485y were treated with juices from 
healthy plants according to the methods indicated and served as control 
to the plants treated similarly but with juices from mosaic potato vines. 
The remaining 11 plants, from as many tuber halves, were treated with 
juices from mosaic foliage. All juices were taken from vines of the 
Green Mountain variety. 

The performance of the treated and untreated plants is noted in Table 
III. Number 472y represents the untreated plant and 472x the treated 
plant developed from the same tuber. At this time observations on 
foliage of the plants treated according to method 3 with juices from 
mosaic plants indicated that no mottling had developed. This method 
failed to produce mottling in the November experiment also. How- 
ever, with method 5 and with method 7 seven different plants had 
developed new leaves since March 22; and five of them, or 71 per cent, 
showed distinct mosaic mottling on the younger leaves formed after 
the time of the last inoculation on March 22 (Pl. 28, A). The first mot- 
tling on any of these plants was noted on March 25. On examination 
March 25 and April 3, 1919, no mosaic mottling was found on either 
the old or newly formed leaves in any of the controls, treated or 


untreated (Pl. 27, A, B). All the plants in this experiment were free 
from aphids. 
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TRANSMISSION BY APHIDS 


The fact that plant diseases are frequently carried by insects is well 
recognized. In this connection the work of Allard (1, p. 626) on the 
mosaic of tobacco is of special interest. This writer showed that the 
virus of tobacco mosaic is readily carried by the common green peach 
aphis, or spinach aphis (Myzus persicae Sulz.). More recently McClintock 
and Smith (5) have demonstrated that the spinach-blight, which ap- 
parently is a virus disease, also is transmitted by plant lice, the pink 
and green potato aphis (Macrosiphum solanifolii Ashmead) and the 
spinach aphis both acting as carriers. Doolittle’s work (2) with cucum- 
ber mosaic is also worthy of mention in this connection. 


FIELD EXPERIMENTS WITH INSECT CAGES 


From findings of these writers it has seemed possible that the mosaic 
of potato might be spread by some insect. To study this question an 
attempt was made to grow plants in the field under cages that were 
supposedly insect-proof. These were 22 by 30 by 36 inches, covered 
with cheesecloth, one side being arranged so that it could be opened—a 
type that was used also by McClintock and Smith (5, Pl. 5 and 6). 
Potatoes were planted about 14 inches apart, so arranged that one 
cage covered two hills. During the season of 1917 at Presque Isle, Me., 
potato plants were grown throughout the season under these cages and 
observations made from time to time on their condition as regards 
mosaic. It was found that the percentage of mosaic in the cages was 
practically the same as that to be found in the same stock planted in the 
adjoining plots. However, since the disease may be acquired in one 
season without showing the symptoms until the tubers develop their 
shoots the following season, it was necessary to continue the comparison 
through 1918. It was then found that not more than 5 per cent of the 
tubers from healthy plants caged in 1917 were mosaic, the lowest season- 
to-season percentage of increase on record for lots grown on the experi- 
mental plots. 

Tubers from plants grown under the cages in 1917 and not showing 
the characteristic mottling of the disease during the season were selected 
for planting in the cages in 1918. On account of the poor quality of the 
cheesecloth obtainable in the second season the cages were not insect- 
proof; and within them there were found, at the end of the season, 
considerable numbers of aphids as well as some insects of other kinds. 
However, since the dispersal of aphids probably waz checked more or 
less by the cages, tubers were reserved for the 1919 season for comparison 
with uncaged lots. 
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GREENHOUSE EXPERIMENTS WITHOUT INSECT CAGES 


Since greenhouse conditions are more favorable to the control of 
aphids, experiments with the pink and green potato aphis were conducted 
in the greenhouse at Washington, D. C., during the winter of 1917-18. 
The insects were allowed to develop on stock of the Bliss Triumph 
variety which during the preceding summer had been rogued in the field 
in northern Maine—that is, had the plants showing mottling eliminated 
from the stock. However, as Tables IV and V show, about 22 per cent 
of the plants developed mottling on January 28, 1918, when they were 
from 2 to 6 inches tall. From these affected plants the aphids were 
permitted to disperse to the neighboring, apparently healthy plants; 
and in addition on March 5 artificial transfers of aphids from diseased 
to nonmottled plants were made on fully a dozen different plants. By 
March 19, 1918, it was noted that many of the plants infested with aphids 
had developed a crinkling and mottling, on the newly formed leaves 
only, very similar to mosaic mottling (Pl. 29, A). The number of such 
mottled plants increased so that by April 6, 1918, 50 per cent of the plants 
showed mottling. On the other hand, only 15 per cent of the remainder 
of this 1917-grown stock were diseased when grown at Presque Isle in 
the season of 1918. This 15 per cent, as well as the 22 per cent which 
first showed mosaic in the greenhouse experiment described above, 
undoubtedly were progeny of hills that had become diseased in 1917 
in spite of the roguing. The increase to 50 per cent seems to be explained 
best by the dispersal of the aphids from the diseased plants. Moreover, 
the percentage of plants to which the aphids transmitted the disease in 
this experiment was really 100, inasmuch as all plants, whether or not 
eventually becoming mottled in 1917-18, produced progeny which was 
decidedly mottled in the winter of 1918-19. (See Table IV, “ Perform- 
ance of second generation.”) That is, all the tubers which were saved 
from nonmottled plants, as well as all tubers from the mottled plants, 
produced mosaic vines in the following winter when planted in the same 
greenhouse with no aphids present. 
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TaBLeE V.—Summary of Table IV 





Condition of plants on Condition of plantson | Condition of plantson | Condition of plants on 
Jan. 28, 1918. Mar. 1, 1918. Mar. 19, 1918. Apr. 6, 1918. 





Total Total Total 
number | Num-| Per- | number Num- 
o ber of | cent- of - ber of 
plants | mosaic} age of | plants mosaic 
tora to | plants. | mosaic.| rora to plants. 

132a. 151b. 








} 
62 14 22.5 | 102 28 27 4° 39 
| . 



































Total number of plants grown from above progeny in second generation is 44. 
Number of plants ithout mottling in Stet generation twat saottled ie second le 2 
Percentage of plants mottled in second generation but not in first is.48. 

Similar experiments were performed at Washington in the winter of 
1918-19. Bliss Triumph potatoes, from stock that had been rogued 
during the preceding season in northern Maine, were planted in two 
lots. One lot was kept free from aphids by fumigation while the other 
was subject to a heavy infestation. In the former, 11 per cent—the 
progeny of 2 out of 18 halved tubers—became mottled as soon as the 
first leaves appeared, evidently as a result of field infection. In the 
latter, 67 per cent, or 31 out of 46 plants—progeny of 23 halved tubers— 
developed mottling. The difference between 11 per cent and 67 per 
cent evidently was the result of aphid dispersal from neighboring mosaic 
plants of the same variety. The aphid-free lot was planted December 
17, 1918, and was fully matured by March 22, 1919. The infested lot 
was planted in 8-inch pots on February 1, 1919, in a separate greenhouse 
but with growing conditions practically the same as those of the other. 
Hundreds of aphids were present upon the plants by the time they had 
developed to a height of 6 to 8 inches. The plants were arranged in 
five rows, the plants in row 1 being in contact with the originally aphid- 
infested plants and the other rows following in numerical order at re- 
spectively greater distances from them and therefore being less infested 
by the dispersing aphids. As shown in Table VI, all the plants in rows 
1 and 2 showed mottling by April 4, while at that time some but not all 
of the plants in the other three rows were mottled. 
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TaBLE VI.—Relation of aphids to mosaic of potato: Continuation of experiments at 
greenhouse, Washington, D. C., 1918-19 


[Planted Feb, 1, 1918; observed Apr. 4, 1918] 





Num- 
ber of 
8-inch 
Condition of foliage. petaee 
Seed piece No. —— 
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Total number of plants is 46. ‘ 
Number of plants showing mottling Apr. 4, r919, is 31. 
Percentage of plants showing mottling Apr. 4, 1919, is 67. 

Somewhat similar evidence was secured during the same winter at 
Orono, Me. Some Green Mountain potatoes were used that had been 
grown in a rogued plot in northern Maine during the season of 1917 and 
had been kept for about a year in cold storage. One lot of 10 tubers was 
planted immediately and 2 of them, or 20 per cent, produced plants that 
were mottled when very young, evidently through field infection. An- 
other lot of 30 tubers was stored in a cellar for a few weeks and then was 
found to have produced sprouts that had become lightly infested with 
green peach or spinach aphids. These aphids apparently had dispersed 
from a neighboring heavily infested lot of sprouted tubers that had 
come from a purely mosaic stock and that later produced mosaic plants. 
The number of insects on a tuber varied from o to 30, and there were 
few skins and but little honey-dew deposit present. The infested lot 
was fumigated and planted. Five tubers, or 17 per cent, produced 
plants that became mottled when very small, in 25 to 30 days after 
planting, evidently the result of field infection. In addition’ to these, 
6 other tubers, or 20 per cent, produced both mottled and healthy shoots. 
This increase can be explained only by the infestation of the sprouts by 
the aphids from the diseased tubers. This explanation receives support 
from the observation that the mottled shoots of the 6 partly diseased 
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tubers showed the symptoms later, averaging 44 days after planting, 
and that they usually came from eyes of the bud end and therefore were 
probably the first to become exposed to aphid attack. 


GREENHOUSE EXPERIMENTS WITH INSECT CAGES 


As has been indicated already, plants that appear healthy may pro- 
duce tubers that develop mottled plants. In studies with potato mosaic, 
therefore, it is very desirable to grow a second generation if the effects 
of a given treatment are to be fully disclosed. Under greenhouse con- 
ditions, especially in Maine, it is necessary to furnish treated plants 
with as much light as possible if a satisfactory crop of tubers is to be 
secured. This makes it appear better, in experiments involving the 
artificial introduction of aphids, to remove as soon as possible any cages 
that were used. This can be done without compromising the results of 
the experiments if frequent inspection and fumigation are employed to 
keep insects reduced to negligible numbers. 

During the winter of 1918-19 an experiment was performed in the 
greenhouse at Orono, Me., with Green Mountain potatoes that had been 
grown in a rogued plot in northern Maine during the season of 1917 and had 
been kept for about a year in cold storage. Fifteen tubers were planted, 
of which 3, or 20 per cent, produced plants which showed mosaic symp- 
toms when only a few inches tall. The same rogued stock when planted 
in the field in 1918 had shown mottling in 11 per cent of the hills. The 
other 12 tubers, each being divided into 2, 4, or 5 sets, furnished 53 
plants. Twenty-one plants, 1 or 2 from each tuber, were kept as untreated 
controls throughout the experiment and remained healthy. Eighteen 
plants, 1 or 2 from each tuber, were fed upon by aphids introduced from 
mosaic potato plants; and 13 of them, or 72 per cent, eventually devel- 
oped typical mosaic symptoms. Five plants, from 5 tubers, were fed 
upon by aphids introduced from a healthy potato plant; 8 plants, from 
8 tubers, were infested by aphids from radish plants; but all of these 
remained healthy. 

In this experiment spinach aphids! were used and were never found, 
during frequent inspections, to be parasitized by other insects or by 
fungi or to be mixed with predatory enemies or with individuals of another 
aphid species. They were secured from two colonies, one on a mosaic- 
diseased potato plant and the other on an apparently mosaic-free one. 
Stock from the former was kept on mosaic-diseased potato plants and 
that from the latter on healthy ones or on radish plants until ready for 
use. The aphids were transferred to the plants of the experiment by 
methods that seemed favorable to the transmitting of mosaic: (1) By 
laying one or two leaves, bearing feeding aphids, upon the plant so that 





1 Determinations were made by Dr, Edith M. Patch, Entomologist of the Maine Agricultural Experi- 
ment Station, who informs one of the writers that this species frequently is abundant upon potato 
plants in Aroostook County and other parts of Maine. 
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the insects could crawl most easily to the new host; (2) by introducing 
aphids when the new host was young, 3 to 13 inches tall; and (3) by 
introducing a rather large number, 40 to 220 by estimate. Cylindrical 
cages consisting of coarse wire screening covered with fine cloth gauze 
(5, Pl. 6 B) were used to confine the aphids to the individual treated 
plants. These effectually served their purpose. For the three treat- 
ments with aphids—from mosaic potato, healthy potato, and radish— 
the height of the tallest shoot of the new host when the aphids were 
introduced was on the average 6, 5, and 7 inches, respectively. The 
number of aphids introduced was on the average respectively 130, 80, 
and 120, while the average number of days the insects remained was 
respectively 7, 14, and 9. After feeding on the new host for a week or 
longer, the aphids were killed by nicotine fumigation intense enough to 
cause the margins and tips of some leaflets to become yellow and later 
to die. This yellowing occurred on both the aphid-infested and aphid- 
free plants and was in no way similar to mosaic mottling. It did not 
occur on the leaves which were the first to show mosaic symptoms. 
Frequent cyanid and nicotine fumigation of the uncaged plants was 
practiced. No white flies (Aleyrodes vaporariorum Westw.) and very 
few dispersed aphids were found at any time in the room occupied by 
the plants included in this experiment. No other species of aphids was 
found in the greenhouse. Thrips fed somewhat upon all the plants, 
both those within cages and those uninclosed. 

The aphids were introduced in December and January. Symptoms 
of mosaic were first seen in 18 to 31 days and then consisted of the mot- 
tling characteristic of “‘slight’’ mosaic, but the mottling soon became 
more pronounced and sometimes was accompanied by considerable 
wrinkling. The average number of days that elapsed between the 
introduction of the aphids and the time when mosaic symptoms were 
first ascertained was 26. It might have been shorter if the plants had 
been examined daily instead of semiweekly. The average height of 
the tallest shoot at the time when the symptoms were first ascertained 
was 20 inches. The symptoms appeared first in the one, two, or three 
topmost leaves of an affected shoot, which, if already formed, were still 
very small at the time the aphids were feeding on the plant. 

The fact that a large percentage of the plants treated with aphids 
from mosaic potatoes showed mosaic while the others, either untreated 
or treated with nonvirulent aphids, all remained healthy, can be attri- 
buted only to aphid transmission. As pointed out before, the group of 
plants that showed mosaic came from the same tubers as the healthy 
controls. Moreover, special precautions were followed because of the 
previous tendency to regard mosaic as a physiological disease and there- 
fore to neglect some operations normally followed in pathological work. 
All the plants were grown in the same greenhouse room and were 
arranged so that those with each type of treatment were distributed 
122502°—19——-2 
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over the bench, all four treatment groups thus being mixed and appar- 
ently exposed to similar conditions of light, temperature, and humidity. 
Each plant had enough space so that it was not in contact with any 
other. Soil fertilization and watering were similar for all plants. There 
was as much variation in the amount and type of soil used for the plants 
that showed mosaic symptoms as for the others. The untreated controls 
came from neither eye-end sets nor stem-end sets. Each tuber was 
cut with a flamed knife, and the seed pieces were planted in steam- 
sterilized soil. Finally, the objection that the method used for intro- 
ducing aphids brought in the factor of contact with diseased leaves, is 
met by the results of 14 checks in another room of the greenhouse. 
These 14 tubers from the same stock produced tuber hills, each of which 
remained entirely healthy for 38 days after a mosaic leaf or shoot had 
been placed upon it when it was 8 inches high. 

In connection with the experiment reported in Table VI another 
aphid experiment was conducted at Washington, D. C., in the winter 
of 1918-19, but withaGreen Mountain lot and with insect cages employed. 
From this stock for the last three seasons the mosaic plants had been 
eliminated, so that but 13 per cent of the plants developed mosaic as 
soon as new leaves were formed. In this experiment, plants from 5 
different tubers were used. Each of these tubers was halved, making 
10 sets. Plants from 5 different sets, designated 474x, 481x, 486x, 
470x, and 478x, were kept in the greenhouse without a cage; and plants 
from the corresponding 5 different sets, designated as 474y, 481y, 486y, 
470y, and 478y, were placed in two cages which were kept in the same 
greenhouse with the uncaged plants. Three of these plants, 474y, 481y, 
and 486y, when from 3 to 6 inches tall were placed in one cage, while 
the two remaining plants, 470y and 478y, were placed in another cage. 
On February 26, 1919, a few hundred aphids taken from healthy Green 
Mountain plants were transferred to each of plants designated 470y 
and 478y, and similar transfers were made on March 1 and on March 15. 
The aphids were brushed upon cardboard with a camel’s-hair brush 
and then transferred to the plants. Before the transfers were made 
on March 15 the plants were fumigated. Upon 474y, 481y, and 486y 
aphids from mosaic plants were transferred in a similar manner, but 
with a different brush and cardboard. Here also three distinct trans- 
fers were made on February 26, March 1, and March 15. ‘The plants 
were fumigated on March 15 and the third transfer made. At this 
time a few hundred aphids were placed upon each of the plants. This 
last set of aphids was allowed to feed on the plants until March 22, when 
the lower half of each stalk had become defoliated. Then another 
tobacco fumigation was applied, and the cages were removed from the 
plants. At this time a few of the newly formed leaves showed distinct 
mottling. On April 2 newly formed leaves on all 7 stalks representing 
the 3 different plants were distinctly mottled (Pl. 30, A). At this time 
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the 3 plants which had developed from the other half tubers and had 
been kept free from aphids were free from mottling. On examination 
of the control plants 470y and 478y as well as 470x and 478x on April 4, 
no mottling whatever was found (Pl. 30, B). 

In January, 1919, some Green Mountain potatoes were secured at 
Orono, Me., supposedly from a field that had been found free from mosaic 
the previous season. Seventeen tubers were divided each into 6 seed 
pieces. Eight tuber groups of 6 plants each developed mottling when 
very small, and the other 9 did not. The 6 plants from each tuber 
were subjected to 6 different treatments: One plant was kept as an 
uncaged control; another was a control, caged until the plant was over 2 
feet tall; the third was grown intertwined with a mosaic potato plant 
from a separate pot; the fourth was fed upon for a week by wingless 
green peach aphids from a mosaic potato plant, an average number of 
about 130 being introduced on a piece of gauze when the plant was 3 
inches high; the fifth received the same treatment as the fourth except 
that the average number of insects was about 170 and that they were 
introduced on leaves which were impaled upon a sterile stick thrust 
into the soil in such a way that there was no contact between the intro- 
duced leaves and the plant or soil (see Pl. 26, B); on the sixth plant when 
1 inch high there were placed 20 winged aphids secured from a mosaic 
plant with a camel’s-hair brush and introduced within a small open 
bottle. 

All of the 18 controls remained healthy. Of the 9 plants with aphids 
introduced on leaves, as described above, 8, or 89 per cent, became mot- 
tled in 20 to 31 days—averaging 25 days—or when the plants had be- 
come 14 to 29 inches high—averaging 25 inches. One of these plants, 
together with an untreated plant from the same tuber, is shown in Plate 
29, B, and corresponding leaves from these two plants are shown in 
Plate 27,C. Of the 9 plants with aphids introduced on gauze, 2, or 22 
per cent, became mottled in 20 to 26 days, when the plants were 22 to 29 
inches high. Of the 9 plants with winged aphids introduced, 1, or 11 
per cent, showed signs of mosaic in 27 days, when 17 inches high. Of 
the 9 plants kept in contact with mosaic plants, all remained healthy 
but 1. This 1 was brought into contact with the diseased plant on 
March 7, was found to be free from aphids on March 31, was fumigated 
on April 7 because of the presence of several aphids, and showed signs of 
mosaic on April 17, when 35 inches high. This plant became diseased 
apparently either because of transmission by very few aphids after 
March 31 or because of contact. The latter cause seems more prob- 
able, but would make this the only case of contact transmission known 
at present to the writers. 

This experiment seems to have demonstrated that aphids can transmit 
mosaic, even better than the first experiment conducted in this green- 
house (p. 262-264). The same precautions were used in this experiment, 
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and in addition each tuber was split lengthwise so that each seed piece 
included eyes from the bud-end and the stem-end. Also, no mosaic 
leaves were put in contact with the plants when aphids were introduced, 
and all cages that had been used previously were steam sterilized. 


PHYSIOLOGICAL STUDIES 


Some work on the chemical differences between the healthy and dis- 
eased potato plants was carried out in connection with this investiga- 
tion. ‘These experiments included a determination of the reducing and 
total sugars and starch content in the healthy and diseased leaves of 
potato plants grown under the same environmental conditions. In this 
work the potato leaves were picked off the stems and weighed. They 
were dried in a hot oven to constant weight and extracted with alcohol 
in a Soxhlet extractor. The sugars were determined in the extract, and 
the starch in the residue. The results of these determinations are given 
in Table VII. Data are given in this table as to the location of the 
plants from which the samples were taken, whether caged or in the open, 
the time of sampling, and whether the day was bright or cloudy. In 
the other columns of the table are given the results of the sugar and 
starch determinations. The determinations compared in the table are 
from plants grown under as nearly the same conditions as possible. 


TaBLE VII.—Sugars and starch in healthy and mosaic Green Mountain potato foliage 





Percentage of sugars as dextrose on basis of dry weight. 
Percentage of 
starch on basis of 
dry weight. 





Time, treatment of plants, J | 
and weather conditions | Reducing sugar. |Nonreducing sugar. Total sugar. 
when sampled. il | 





Healthy. | Mosaic. | Healthy. Mosaic. | Healthy. Mosaic. | Healthy. | Mosaic. 
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From the results shown in Table VII it appears that mosaic plants 
have a higher sugar content than the healthy plants grown under the same 
conditions. This is true of both reducing and nonreducing sugars, 
though the differences in the latter are not so marked. There is an 
average of about 1 per cent more total sugar in the mosaic plants than 
in the healthy. With starch this relation is reversed, healthy plants 
having an average of about 4 per cent more starch than those affected 
with mosaic. It is, of course, to be remembered that the investigations 
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in this paper are preliminary in character. It is hardly possible to draw 
conclusions from so limited an amount of data, though the facts seem 
worth recording. 


METHODS OF CHECKING NATURAL TRANSMISSION 


The experimental results previously described in this paper suggest at 
least one way in which transmission of potato mosaic may occur in the 
field—namely, by aphids. Both species of aphids that were experimented 
with are commonly found on potatoes, including those in Aroostook 
County, Me. In 1918, a year in which aphids were unusually abundant 
upon potatoes in northern Maine, they began to appear upon the plants 
about the middle of July. Since in the experiments mottling did not 
appear after the plants had finished elongating and had produced blos- 
soms, it is quite probable that aphid transmission in the field occurs too 
late for the effects to be shown during the same season. The possibility 
of this was demonstrated in one experiment (p. 262-264) in which 
after aphid transmission some plants remained unmottled but produced 
progeny that showed disease the next season. Before evidence had 
accumulated regarding insect transmission, control of the disease was 
attempted by means of hill selection and roguing. The results of such 
attempts, together with notes made at the same time on yields, will 
now be discussed. 

HILL, SELECTION 


A number of hill selections were made in 1916 and 1917 in northern 
Maine in order to ascertain more especially the progress of mosaic from 
one season to another upon the same strain and stock. Plants in three 
different stages of the disease as well as healthy checks were included in 
these selections. The term “slight stage” was used when the plants 
had just begun to show a few mottled spots on the leaves though the 
foliage otherwise appeared like that of healthy plants. “Medium 
stage” was used when the leaves had apparently just begun to become 
slightly corrugated, had six or more mottled areas, and had begun to 
show slight dwarfing. “Bad stage” indicated that the leaves were 
mottled, corrugated, and decidedly dwarfed. The results of the obser- 
vations on the behavior of the foliage are presented in Table VIII. 
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TaBLE VIII.—Hill selection: Effect of mosaic of potato on vines in laboratory plots, 
Presque Isle, Me., 1918 
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From these data it is apparent that progeny from plants seeming to 
be healthy in one season may develop both healthy and diseased stock 
the following season. It will be noted further that the mottling on this 
control stock the following season may develop to such a degree that it 
falls under all three stages, slight, medium and bad, and does not neces- 
sarily begin with a slight stage as one might expect. Furthermore, it is 
shown that mottled and nonmottled plants may develop from the same 
hill and even from a single tuber, similar observations having been 
recorded by F. C. Stewart (zo). 

The observations regarding degree of mottling and dwarfing in the 
control stock also obtained in the slight, medium and bad stages. In 
none of these stages did the stock necessarily run true to the stage for 
which it was selected. It will be noted also that mottled foliage devel- 
oped wherever the progeny came from plants showing the slight, medium, 
or bad stage the previous season. In but two strains where the foliage 
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appeared to be very slightly mottled but questionable for mosaic in 1917 
were mottled and nonmottled plants noted in 1918. Observations upon 
the foliage symptoms were made at three different times during July 
and August, the first observations being made when the vines were from 
2 to 6 inches tall and the last just before the vines began to die. 

In connection with the observations on the behavior of the vines of 
hill-selected stock, studies were made also on the effect of mosaic on 
yield. The hills were selected from some of the same stock on which 
notes upon the performance of the foliage were taken, and hence the 
stages of the disease indicated here answer the same description as those 
presented in connection with the notes upon the behavior of the foliage 
as indicated in Table VIII. Table IX gives the effect on yield of these 
hill selections. 


TaBLE IX.—Hill selections: Effect of mosaic of potato on yield in laboratory plots, 
Presque Isle, Me., 1917-18 
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In this table the yield per hill in the season of 1918 is compared with 
that of 1917. From control plants and those slightly mottled there was 
a slight increase in yield, whereas from plants showing medium and bad 
stages of mottling there was in some an increase but in a larger number 
a decrease. Although it will be necessary to study the performance of 
such stock for a number of seasons before final conclusions upon the effect 
of mosaic on the yield can be submitted, nevertheless it is clear that mosaic 
hills can be depended upon to produce diseased progeny, while apparently 
healthy hills can not be depended upon to produce healthy progeny. 
Consequently hill selection is an unsatisfactory method of control, at 
least when practiced in a field that contains a considerable percentage of 
affected hills. 

ROGUING 


Additional observations on the effect of mosaic of potato on yield were 
made in connection with the experiments on roguing. In these experi- 
ments the stock was not hill-selected but was harvested in bulk after the 
affected hills were removed from the plots during the growing season. 
The results of these observations as well as of those on the behavior of 
the vines are indicated in Table X. 

From these data a reduction in yield of from 23 to 30 per cent is apparent 
where progeny from wholly diseased lots is compared with the progeny 
from lots of the same strain and variety but with a low percentage of 
mottled plants. Furthermore, the mottled plants were reduced from 45 
per cent in 1917 to 13 per cent in 1918 as the result of but one thorough 
roguing in 1917, when the plants were about 12 inches tall. However, in 
order to note how much the percentage of mottled plants can be reduced 
by roguing it will be necessary to study the effect of this procedure on 
the same stock and strain for several seasons and under as nearly uniform 
conditions as possible. 

By reducing the number of diseased plants in the seed stock the effect 
of the aphids in spreading the disease is apparently considerably reduced. 
It is quite evident that such roguing must be carried on with the greatest 
care and by persons who are thoroughly acquainted with the symptoms 
of the disease. Even though practically all diseased plants can be elimi- 
nated with a single roguing in one season, the work can be done more 
efficiently with two or three roguings, beginning when the plants are 
from 6 to 10 inches tall. With this method it is advisable to begin with 
a stock which runs relatively low in the number of affected plants. 

Whether it is possible entirely to eliminate mosaic by roguing has not 
been proved. From the results of the study of aphid transmission here 
reported it is evident that attempts to eliminate mosaic by roguing should 
be made on an isolated seed plot removed from aphid-infested fields. In 
addition, insects of all kinds should be kept off the seed plot by adequate 
spraying. Naturally the same precautions should be taken if one wishes 
to prevent transmission of the disease to seed plots or fields planted with 
mosaic-free seed tubers. 
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SUMMARY 


(1) Mosaic of the Irish potato has become well distributed over the 
United States. 

(2) It has a decidedly detrimental effect upon yield. 

(3) It produces characteristic symptoms upon the aerial parts of the 
plant, especially on the foliage. These symptoms may be modified or 
obscured by differences in environment or variety. 

(4) Tubers of diseased plants carry the disease. 

(5) Grafting a healthy scion upon a diseased stock, or a diseased scion 
upon a healthy stock, may result in the development of the disease by 
the originally healthy scion or stock. 

(6) Mosaic may be transmitted by ennai juice from a diseased 
plant to a healthy plant. 

(7) At least two species of aphids can transmit potato mosaic, whether 
the aphids are transferred artificially or disperse naturally. 

(8) Mosaic apparently tends to increase the sugar content of the leaves 
and to reduce their starch content. 

(9) Hill selection has not proved successful for maintaining healthy 
stock when practiced in fields having a considerable number of mosaic 
plants. 

(10) Roguing or eliminating mosaic plants before aphids become abun- 
dant isindicated indirectly by certainexperimental evidence here presented 
as being helpful and also has been found actually efficient for checking the 
spread of,the disease. It appears also that isolation of the rogued seed 
plot is very desirable. 
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PLATE A 


Foliage of Irish potato, Green Mountain variety. Note distinct mottling and 
slightly lighter color of diseased leaves on plant at left. Single dark green leaflet 
from healthy plant at right. Pres-ue Isle, Me., 1915. 
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Investigations on Mosaic Disease of the Irish Potato 


Shaul} - 


Journal of Agricultural Research Vol. XVII, No. 6 


A B.GRAHAM CO.WASHINGTON, D.C 





Investigations on Mosaic Disease of the Irish Potato 


Journal of Agricultural Research Vol. XVII, No. 


A.B GRAHAM CO.WASHINGTON, © 





PLATE B 


Foliage of potato, Bliss Triumph variety. Note decided crinkling of leaf paren- 


chyma on diseased leaf at left. More severely affected than diseased leaf on Plate A. 
Healthy leaf of same variety at right. Greenhouse, Washington, D. C., 1919. 





PLATE 25 


Leaf of Irish potato, Green Mountain variety, infected with mosaic, Medium stage 
of disease. Note mottling and crinkling of laminar parenchyma. Specimen taken 


from field, Caribou, Me., 1914. 
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PLATE 26 


A.—Healthy scion grafted upon diseased stock. Younger leaves on scion show 
typical mottling. Greenhouse, Washington, D. C., 1916. 


B.—An illustration of a method used for introducing aphids. This method resulted 
in 89 per cent of infection before the plants matured. In practice the insect cage 
was left in place while the aphid-bearing leaves on the stick were introduced. Green- 
house, Orono, Me., April, r919. 





PLATE 27 


A.— Leaves from graft shown in B, of this plate: At right, from healthy parent of 
scion; at left, from mosaic stock; in center, from mosaic scion. 

B.—At left, healthy scion grafted to diseased stock, Green Mountain variety; at 
right, two mosaic shoots of stock. Grafted July 6, 1918. Scion decidedly mottled 
August 17, 1918. In field, Presque Isle, Me., 1918. 

C.—Leaves from corresponding parts of the plaats shown in Plate 29, B. These 


leaves were near the topsof the plants and matured long after all aphids had been 
removed. The characteristic mottling was obscured by the use of reflected light, 
but the contrast in the evenness of the leaf surfaces is evident. Greenhouse, 
Orono, Me., 1919. 
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PLATE 28 


A.—491x,-inoculated artificially with unfiltered juices from mosaic plant February 
22 to March 22, 1919. Note mottled leaves on the two new shoots at apex of plant. 
Green Mountain variety. 4gry, control, untreated plant from half of same tuber as 


4gtx. Greenhouse, Washington, D. C., 1919. 


B.—473y, inoculated in same way as 491x, but with juices from healthy plant. 


48sy, also inoculated with juices from healthy plant. Greenhouse, Washington, D. C. 


122502°—19-——3 





PLATE 29 


A.—Mosaic of potato transmitted by aphids. 1422, infected plant, Green Mountain 
variety. Plant developed beside a badly mosaic plant, thus allowing free infection 
by the aphids. Upper leaves distinctly mottled and crinkled. Lower leaves without 
mottling. 142b, healthy plant from same tuber as 142a, Greenhouse, Washington, 
D. C., March 14, 1918. 


B.—Two plants from the same tuber treated alike, except that about 200 aphids 
were introduced upon one when it was 2 inches high. Photographed 46 days after 
the introduction of aphids and 26 days after the first signs of mosaic were shown. 
Greenhouse, Orono, Me., April, 1919. 
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PLATE 30 


A.—Inoculated by means of artificial transfers of aphids from diseased plants. 
Green Mountain variety. Transfers made February 26, March 1, and March 15, 1919. 
Distinct mottling and crinkling of younger leaves noted April 1, 1919. Green- 
house, Washington, D. C. 


B.—Plants inoculated in same way as those in A of this plate, but with aphids 


taken from healthy plants. No mosaic April 1, 1918. Greenhouse, Washington, 
D.C. 














TEMPERATURE IN RELATION TO QUALITY OF SWEET- 
CORN 


By Nen, E. Srevens, Pathologist, Fruit Disease Investigations, Bureau of Plan 
Industry, United States Department of Agriculture, and C. H. Hicerns, Instructor in 
Chemistry, Bates College, Lewiston, Me.' 


INTRODUCTION 


The temperature at which green sweetcorn (Zea mays) is held after 
picking has an important relation to its quality. Certain features of 
this relation are discussed in the present paper. That sweetcorn canned 
near the northern limit of its cultivation is sweeter and its general 
quality superior to that canned farther south seems to be generally 
accepted (9, p. 249; 10, p. 36).2 The correctness of this belief is attested 
by the fact that it has been customary for many corn growers in Mary- 
land, for example, to purchase northern-grown seed in the belief that a 
sweeter corn would thus be obtained (ro, p. 31), and by the reputation 
of “‘ Maine sweetcorn.” 

That any difference in the quality of the canned corn is not due to a 
difference in the sugar content of the corn when it is picked seems fully 
proved by the investigations of Straughn and Church (74). These 
investigators determined the sugar content of freshly picked corn of the 
same variety at a series of stations located in Florida, South Carolina, 
New Jersey, Connecticut, and Maine during the four years from 1905 to 
1908. In contrast to the condition found in sugar beets, this work 
failed to show any direct relation between the latitude in which the 
corn was grown and the sugar content. Corn grown in South Carolina 
showed the highest percentage of sugar, that grown in Connecticut the 
lowest, that from Maryland and Maine (Crosby variety) intermediate 
and about equal (14, p. 62).° 

The writers believe that the advantage of northern-packed corn lies, 
at least in part, in the lower temperatures at which it is handled, and the 
present paper aims to present the following salient points in this con- 
nection: (1) That sweetcorn deteriorates very rapidly after it is picked, 
(2) that the rate of this deterioration depends upon temperature, and 
(3) that the differences in climatic temperatures, and consequently in the 





1The work on which the present paper is based was done while the writers were investigating the 
diseases of sweetcorn in Maine, through the courtesy and at the expense of the Office of Cereal Investiga- 
tions, Bureau of Plant Industry, United States Department of Agriculture. 

2 Reference is made by number (italic) to “‘Literature cited,”’ p. 283-28 4. 

8 The curves published by Straughn and Church (p. 59-60) are somewhat misleading, since, as ex- 
plained in the text, results from analyses of both Crosby and Stowell varieties are included for Maryland 
and only the Crosby variety, having a higher sugar content than the Stowell, was grown in Maine. 
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temperatures at which the corn remains after picking, are sufficient to 
cause marked differences in the rate of deterioration. Whether the 
main thesis be accepted or not, the data presented are sufficient to 
indicate that a close relation exists between the quality of sweetcorn 
and the temperature at which it is handled. 


LOSS IN SUGAR AFTER PICKING 


That green corn deteriorates rapidly after picking is a matter of 
common observation, and that an important factor in this deterioration 
is the loss in sugar has been pointed out by Straughn, Appleman, and 
others. Straughn, working with Stowell’s Evergreen in Maryland, re- 
ports (173, p. 69) that in freshly pulled samples 4.59 to 4.74 per cent 
total sugars were found. On standing 24 hours at room temperature, 
unhusked, about one-third of the sugars disappeared; after this the loss 
continued until the sugars reached 1.80 per cent. More recently, Apple- 
man and Arthur (2, Table III), working with the same variety stored 
at accurately controlled temperatures, report that at 20° C. more than 
25 per cent of the total sugar was lost during the first 24 hours after 
picking, and that at 30° C. more than 50 per cent of the total sugar was 
lost in the same period. Analyses of Golden Bantam corn made at 
Lewiston, Me., during 1918 showed rapid loss in sugars in stored corn. 
The ears were split lengthwise and a sample from one half analyzed 
immediately, while the other half was stored. 


TaBLe I.—Total sugars in Golden Bantam corn in edible condition, calculated as per- 
centage of invert sugar on original wet weight, Lewiston, Me.' 




















1 The method used was essentially that of Bryan, Given, and Straughn as modified by Hasselbring 
and Hawkins. The total sugars were calculated as invert sugar by the methods of Munson and Walker. 
Bryan, A. H., Given, A., and STRAUGHN, M. N. EXTRACTION OF GRAINS AND CATTLE FOODS FOR THE 
DETERMINATION OF SUGARS ... U. S. Dept. Agr. Bur. Chem. Circ. 71, 14 p., 1911; HASSELBRING, Heinrich, 
and Hawkins, Lon A. PHYSIOLOGICAL CHANGES IN SWEET POTATOES DURING STORAGE. Jn Jour. Agr. 
Research, v. 3, No. 4, P. 335, 1915; WiLey, H. W., ed. OFFICIAL AND PROVISIONAL METHODS OF ANALYSIS ... 
U.S. Dept. Agr. Bur. Chem. Bul. 107 (rev.), p. 241, 1908. 


RELATION OF TEMPERATURE TO RATE OF SUGAR LOSS 


The recently published careful researches of Appleman and Arthur (2) 
explain the earlier and somewhat conflicting statements of Straughn, 
Church, and Wiley (13, 14) and leave no doubt that the rate of loss of 
Sugar in stored sweetcorn is directly dependent on temperature. Apple- 
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man and Arthur summarize two years’ work on Stowell’s Evergreen 
stored at seven carefully controlled temperatures, namely, 0°, 5°, 10°, 
15°, 20°, 30°, and 40° C., as follows: 

In general, it may be stated that up to 30° C. the rate of sugar loss in green corn 
is doubled for every increase of 10°. This applies to both total sugars and sucrose. 


It should be noted, however, that between o° and 10° the temperature coefficient 
for sucrose is considerably greater than 2. 


Before the conclusions of Appleman and Arthur were available, the 
writers made a few tests to determine whether temperature influenced the 
rate of sugar loss in sweetcorn. Their results agree closely with his, but 
since the work was done on another variety grown at a considerable dis- 
tance the data secured may still be of sufficient interest to warrant pub- 
lication. Freshly picked ears of Early Bantam corn in edible condition 
were split lengthwise. One half was placed in a small refrigerator which 
maintained a temperature of approximately 10° C. and the other half 
placed in a box at room temperature, about 20°. Determinations made 
at the end of 26 to 30 hours showed uniformly a lower sugar content in 
the half kept at the higher temperature. In most cases the ears were 
too small to make three satisfactory samples, so no data are available for 
the original sugar content of the ears used. The freshly picked ears listed 
in Table I were, however, of the same variety, grown in the same plot, 
and picked at the same stage of maturity as those shown in Table II; 
and if the ears used in the keeping test had about the same average sugar 
content as those in Table I (5.38 per cent of wet weight) then the halves 
kept at 20° lost, during the first day after picking, more than twice as 
much sugar (3.36 per cent) as the halves kept at 10° (1.41 per cent). 


TABLE II.—Total sugars in Golden Bantam corn in edible condition, calculated as per- 
centage of invert sugar on original wet weight, Lewiston, Me., September, 1918 








Percentage of | Percentage of 
sugar remain- | sugar ramain- 
ing in half ing in half 
stored at 20°C. | stored at 10°C. 








+43 4- 06 
- go 3-14 
. 28 5-54 
-90 3-71 
. 86 3. 18 
.78 4. 21 








. 02 3-97 





Further evidence that the rate of vital activities of green sweetcorn 
varies with temperature is afforded by tests of the rate of respiration. 
The curves of respiratory intensity of sweetcorn during storage published 
by Appleman (1, p. 207) show that the rate of respiration is very high 
during the first day after the corn is pulled from the stalk but falls off 
rapidly with storage. They clearly show also that throughout a storage 
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period of nine days respiration continued more rapidly at 30° C. than at 
25°. Instorage tests made by the present writers during 1918, 48 ears of 
freshly picked green corn were placed in an air-tight can which had a 
capacity of 46.6 liters. The corn displaced somewhat more than 20 
liters, leaving about 26 liters of air. Thecan was then sealed, and 100-cc. 
samples of the air were withdrawn at intervals through a stopcock and 
analyzed by means of a commercial Orsat apparatus. In the results 
thus obtained (see Table III) some error was caused by replacing with 
fresh air that withdrawn for analysis; and the temperature of the cool 
samples rose slowly, while that of the warmer sample fell somewhat 
during the test. The differences, however, are far too great to leave any 
doubt as to the facts. With corn at a temperature of 25° (picked near 
noon on a warm day) there was over 19 per cent carbon dioxid at the 
end of 4 hours. With corn at a temperature of 15° (picked in the morn- 
ing) 8 hours were required to reach practically the same point, while 
with still cooler corn the point was not passed in 10 hours.’ 


TaBLE III.—Oxygen and carbon-dioxid content of air in which green sweetcorn had been 
stored in a sealed container 





Number of hours after corn was sealed. 





Content of air. 








\Catenr d re 
Carbon dioxid 
\Cakoa 

Carbon dioxid 






































TEMPERATURE OF GREEN CORN IN RELATION TO AIR TEMPERATURE 


In view of the rapidity with which green corn loses its sugar and the 
relation of this loss to temperature, it is apparent that if the temperature 
of the corn itself is near that of the air there must be a difference in the 
extent of deterioration which would occur during a given interval in 
different localities and that-this difference must correspond to the dif- 
ferences in climatic temperatures. Observations in Maryland and in 
Maine indicate that the temperature of green corn on the stalk in the 
shade is usually near that of the air while in the sun it is often well above 
that of the air (see Table IV). 

It will be noted that in the cases cited in the table, which are typi- 
cal of several others, the corn was 10° or more than 10° C. warmer in 
the afternoon than in the morning.” 





1 It may be of interest to note that the corn which had been kept for some time in an atmosphere defi- 
cient in oxygen was of extremely poor quality. 
2 Compare in this connection the condition reported in small fruits (12). 
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TABLE 1V.—Temperature (°C.) of ears of green sweetcorn on the stalk on clear days 





Glencoe, Md.,} Aug. 6, | Glencoe, Md., Aug. 9, | Lewiston, Me., Aug. 1s, 
1918. 1918. 1918. 
































1 The temperatures in Maryland were taken by Mr. William E. Seifriz. 


TEMPERATURE AT CORN-PICKING TIME IN MARYLAND AND IN MAINE 


In attempting to study the temperature of different regions in their 
relation to plant growth the investigator must still depend chiefly on 
meteorological data taken in cities. Thus Cox (4, p. 10), working on so 
highly specialized a crop as the cranberry, in order to compare the differ- 
ent regions was forced to use temperature readings observed in shelters 
over hard land, even though his own work had shown the great difference 
between air temperature over the marshes and air temperature over hard 
land. 

In comparing the temperature of the corn-canning districts of Mary- 
land and Maine, use will be made of the data from the observation 
stations of the Weather Bureau at Baltimore and Portland. The sweet- 
corn canning district of Maryland extends from Dorchester County 
north to Harford County and west to Frederick County. The most 
important localities lie north and west of Baltimore. In Maine, corn is 
canned commercially from northern York County to southern Penobscot, 
the most important localities lying north and west of Portland. It is 
probable then that the observations at Baltimore and at Portland furnish 
a fairly reliable index of the difference in temperature between the 
sweetcorn producing districts of Maryland and Maine. Maryland and 
Maine were chosen for comparison because they are the most southerly 
and the most northerly of the important corn-canning districts on the 
Atlantic seaboard and were among those included in the work of Straughn 
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and Church. The exact date on which sweetcorn reaches edible condi- 
tion naturally varies somewhat with different seasons;’ but corn-canning 
time in Maryland almost always falls during August, and in Maine during 
September. In order, then, to give some idea of the temperature condi- 
tions under which sweetcorn is handled in the two States, it will be neces- 
sary to compare the temperature of Baltimore in August with that of 
Portland in September. 


TABLE V.—Daily normal temperatures and corresponding indices for Baltimore, Md., 
August 2 to 31, and Portland, Me., September I to 30 





Daily a4 tempera- Remainder indices. Exponential indices. Physiological indices. 





Baltimore. | Portland. | Baltimore.| Portland. | Baltimore. | Portland. | Baltimore. } Portland. 





“¢. “P. mF. Pr 
2. 5198 82. 333 30. 000 
2.4245 - 333 27.111 
2. 4245 Sots 27.111 
2.4245 + 333 27. 111 
2. 4245 - 333 27.111 
2. 3331 + 333 24- 333 
2. 3331 + 333 24- 333 
2. 3331 + 333 24- 333 
2. 3331 , 24- 333 
2. 2451 : 22. 000 
2. 2451 ‘ 22. 000 
2. 2451 . 22. 000 
2. 1603 ‘ 19. 883 
2. 1603 " 19. 883 
2. 1603 . 19. 883 
2 
2 
2 
2 
2 
2 
2 
I 
I 
I 
I 
I 
I 
I 
I 


TETEREL 


- 1603 i 19. 883 
. 0786 ‘ 17.778 
. 0786 ° 17.778 
. 0786 . 17. 118 
. 0000 " 16. 111 
. 0000 . 16. 111 
. 0000 ‘ 16, 111 
9240 ; 14. 444 
+9240 . 14. 444 
- 9240 . 14. 444 
. 8512 ; 12. 778 
. 8512 . 12.778 


e \ 12. 778 
7815 11. 667 
. 7815 65. 11. 667 











Av. 74.6 59-5 ‘ . 2. 13504 . 19. 5992 




















Table V gives the daily normal mean temperatures of Baltimore, Md., 
from August 2 to 31 and of Portland, Me., from September 1 to 30, with 
three sets of corresponding temperature efficiency indices. The normal 
mean temperatures are those calculated by Bigelow (3) from observed 
temperatures. That mean temperatures furnish only a very unsatis- 





1 The harvest dates given by Straughn and Church (74) are: for Maryland, first week in August, 1905; 
about the first of August, 1906; about Aug. rs, 1907; and Aug. 23, 1908; for Maine, about Sept. 15, 1905; 
Sept. 25, 1906; frost before crop matured, 1907; and Sept. 19, 1908. 
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factory basis for estimating the temperature value for physiological 
processes of a given climate has long been recognized, and the three sets 
of indices represent three suggested methods of deriving from mean 
temperatures some index which would more nearly represent temperature 
efficiency. 

Remainder indices, derived by subtracting a constant quantity (in 
this case 39) from each daily mean temperature, have been in use for 
a considerable time. The other methods were suggested recently by 
Livingston (7, 8), and all three are fully discussed by him in the papers 
cited.! 

The exponential system is based on the supposition that plant growth 
rates follow the chemical principle of van’t Hoff and Arrhenius, which 
states that the velocities of chemical reactions about double with each 
increase in temperature of 10° C. The physiological indices were cal- 
culated from actual temperature values for the growth of corn (maize) 
seedlings from 10 to 12 mm. high, as worked out by Iehenbauer (6). In 
view of Appleman and Arthur’s conclusion (2) that the average tempera- 
ture coefficient of sugar depletion in sweetcorn is about 2, Livingston's 
“Exponential Indices” based on a coefficient of 2 are of special interest. 

The degree of accuracy with which any index derived from mean 
daily temperatures—4 (maximum +minimum)—expressés the tempera- 
ture of the day must depend somewhat on the daily temperature range 
and on the shape of the curve of hourly temperatures. In figure 1 are 
plotted the curves of normal hourly temperatures for August at Balti- 
more, as published by Fassig (5, p. 61), and the mean hourly tempera- 
ture at Portland for September, 1918.7 It will be observed that the 
curves are of the same general shape and that the daily ranges of tempera- 
ture are similar. 

The curves of mean hourly temperatures shown in figure 1 furnish a 
striking evidence of the difference in the temperatures of the contrasted 
regions during the corn-packing season. The highest mean temperature 
at Portland, 62.6° F., is 6° below the lowest mean temperature for 
Baltimore, 68.6°. 

From the purposes of the present paper, however, it is unimportant to 
determine which method most nearly represents the actual rate of loss, 
since on whatever basis the comparison is made it is evident that the 
average day during the corn-packing season in Maryland is much warmer 
and therefore much more severe in its effect on sweetcorn than the 
average day of the corresponding season in Maine. Deterioration of 
corn after picking during a given period would then ordinarily be much 





1 These three kinds of temperature efficiency indices have been compared by one of the writers in con- 
nection with studies of the growth of fungi in relation to temperature (77). 

2 The normal hourly temperature for Portland has not been computed. The curvefor Portland was pre- 
pared from data for the month of September, 1918, kindly furnished the writer by Mr. Edward P. Jones, 
Meteorologist, in charge of the Portland, Me., Station. This, according to advice from Dr. P. C. Day, Chief 
of Climatological Division, of the U. S. Weather Bureau, gives a fairly representative curve. 
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Fic. 1.—Mean hourly temperatures for August at Baltimore, Md., and for September, 
1918, at Portland, Me. 
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greater in Maryland than in Maine. The original quality and the 
methods of handling being equal, corn handled at a mean tempera- 
ture of 59.5° F., the mean temperature at Portland in September, must 
inevitably be superior to corn handled at 74.6°, the mean tempera- 
ture at Baltimore in August.' 


SUMMARY 


The rate at which sugar is lost increases with rise of temperature at 
least up to 20° C. 

The rate of respiration also varies with temperature, being greater at 
higher temperatures, at least up to 30° C. 

Observations in Maryland and in Maine indicate that the temperature 
of green corn on the stalk while in the shade is usually near that of the 
air, while in the sun it often is above that of the air. 

The corn-picking season in Maryland (August) has a much higher 
average temperature than the corresponding season (September) in Maine. 
The difference is sufficient to cause considerably greater deterioration in 
picked corn during a given period. 
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VARIATION OF AYRSHIRE COWS IN THE QUANTITY 
AND FAT CONTENT OF THEIR MILK? 


By Raymonp PEart and JoHN Rice MINER 


The present paper has for its purpose a biometrical analysis of the 
normal individual variation in the milk flow and the fat content of the 
milk in Ayrshire cattle. 

This work has been undertaken because of a strong conviction on the 
part of the authors that a fairly comprehensive knowledge of the normal 
variation of a character which is to be made the basis of genetic study is 
essential if such study is to be critical. This viewpoint is entirely inde- 
pendent of any position which one may hold regarding the genetic signifi- 
cance of different kinds of variation. As a matter of biological fact one 
never deals actually with one sort of variation absolutely free from the 
influence or effect of all others. For, even though we may be studying 
a discontinuous variation of strictly germinal origin and control, there 
will be, in the actual somatic expression of this variation, a superimposed 
fluctuating variation of nongerminal origin. The student of genetics 
ordinarily, and quite rightly, neglects these superimposed fluctuations 
and confines his attention to the underlying germinal variation. 

This is logically a perfectly justifiable procedure, but an essential to its 
successful operation is that one shall have such an intimate and thorough 
knowledge of the normal variability of the character in question that he 
can make his rejections of the unimportant with substantial correctness 
and hence safety. 

These considerations become particularly significant when the char- 
acter dealt with is one especially subject to environmental influences, in 
consequence of which the fluctuations assume highly significant propor- 
tions in relation to the underlying germinal differences. Such characters 
are, for example, fecundity, fertility, and, to a marked degree, milk pro- 
duction in cattle. Any milk or fat record represents the result of the 
action of a complex of factors, of which those classed broadly as environ- 
mental certainly play a very important part. To arrive at any sound 
conclusions regarding the inheritance of these characters it will be essen- 
tial to form some sort of judgment as to the proportionate parts which 
genetic and environmental factors play in the production of particular, 
individual records. It seems perfectly clear that a prerequisite to 





1 Papers from the Biological Laboratory of the Maine Agricultural Experiment Station, No. 125. 

This work was begun while the authors were actively connected with the Maine Agricultural Experiment 
Station. It wasinterrupted by the entry of the United States into the war and has been completed in the 
Laboratory of Biometry and Vital Statistics of the School of Hygiene and Public Health of Johns Hopkins 
University. 
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anything approaching a sound basis for such a judgment is a thorough 
analytical study, with the best of biometric tools, of the normal varia- 
bility of milk and fat production. 


MATERIAL FOR INVESTIGATION 


The present study is based on the records of Ayshire cattle published 
in the Reports of the Ayrshire Cattle Milk Records Committee of Scotland, 
compiled by Speir (26) ? and Howie? (6). Portions of the very valuable 
records gathered by this committee have been used by other students of 
the problems of milk production, notably Wilson (30), Pearson (23), and 
most recently Vigor (2%). Wilson made use of the 1908 records, and 
Vigor those of 1909 for the Fenwick district only. 

The reports under consideration include, so far as it is possible to get 
the information, the following items: 

1. Total milk produced (in gallons). 

2. Average percentage of fat, determined from periodic tests. 

. Total milk calculated to a 3 per cent fat basis. 

. Weeks in milk. 

. Age of cow. 

. Date of last calving. 

. Miscellaneous information about the cow, particularly of abnormal 
circumstances of any sort during the test. 

In many cases information is lacking on some one or more of these © 
points, so that, while altogether 8,132 cows were tested in 1908 and 9,202 
in 1909, nothing like these numbers are available for analytical study. 
Another difficulty arises in the fact that there is, of course, much over- 
lapping of calendar years by the lactation periods. Again there is in 
some districts frequent failure to state the age of the cow. 

In the present study all available records from the 1908 and 1909 
reports have been used, if they came within the following regulations 
— we established in order to secure critical material for variation 
study: 

(a) The record must be complete in all particulars—that is, cover 
items 1 to 6 in the list above. 

(b) The record must be based on 32 or more weeks in milk. 

(c) There must be nothing of an abnormal or unusual nature about 
the cow or the lactation, so far as discoverable from the records. 

The first of these restrictions requires no comment. 

Regarding the second it may be said that the reason for imposing 
this restriction was that, for present purposes, we desired to use long 
term averages, rather than to consider lactations of all durations. There 





! Reference is made by number (italic) to “ Literature cited,”’ p. 320-322. 

2 It is a great pleasure to acknowledge, with grateful thanks, the kindness of Mr. John Howie, of Ayr, 
Scotland, the secretary of the Milk Records Committee, in furnishing a set of the committee's reports for 
this investigation. 
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seemed good reason for the belief that one was likely to get better—that 
is, more nearly physiologically normal—values for the two characters 
here studied—mean fat percentage and mean weekly yield—if one con- 
sidered only lactations eight months or more long. Furthermore it is 
clear that no error of any consequence can be introduced by leaving out 
of account short lactations, since Vigor (28) has shown that there is no 
significant net correlation between duration of lactation and either 
percentage of fat or average weekly yield of milk, the two characters 
studied in this investigation. 

The third restriction obviously needs no argument in its justification. 
Under it were excluded cases of abortion, “‘off-food”’ at particular tests, 
diseases, and accidents of various sorts. Undoubtedly some records 
were excluded which might fairly have been regarded as normal; but it 
was thought best, where one was working entirely from records and could 
not see the cow itself, to err, if at all, on the side of too great rather than 
too little strictness. 

The two characters dealt with in this paper are (a) average milk yield 
per week in gallons, and (b) average fat percentage. The values for the 
former were obtained by dividing the total yields as given in the reports 
by the weeks in milk. The fat percentage figures were taken directly 
from the reports. The ages were taken as centering at the mid-point of 
each year. For example, all cows recorded as 3 years or more in age but 


less than 4 years were put in the 3-year class in the tables of the present 
paper. Hence a 3-year-old is to be taken as including anything between 
3 and 4 years. 

The biometric methods used were the ordinary ones. All of the dis- 
tributions containing enough individuals to make the results significant 
were fitted with Pearson’s (18, 20) skew frequency curves, following in 
the computations some simplifications of method. 


FREQUENCY DISTRIBUTIONS 


The frequency distributions, showing the variation in the two char- 
acters studied, are exhibited in Tables I and II, in both absolute and per- 
centage figures. 

122502°—19-———-4 
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TABLE I.—Frequency distributions for variations in average weekly milk yield of Ayrshire 
cows of different ages 





2-year-old cows. 3-year-old cows. 





Vield (in 
gallons). 
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TABLE I.—Frequency distributions for variation in average weekly milk yield of Ayrshire 
: cows of different ages—Continued eanacins 





a-year-old cows. s-year-old cows. 
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TABLE I.—Frequency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages—Continued 





6-year-old cows. q-year-old cows. 
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TaBLeE I.—F requency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages—Continued 





8-year-old cows. 9-year-old cows. 





Vield (in 
gallons). 
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TaBLe I.—Frequency distributions for variation in average weekly milk yield of Ayrshire 
cowsof different ages—Continued 





to-year-old cows. 11-year-old cows. 





Combin 
years. 





Fre- | Per- 
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TABLE I.—Frequency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages—Continued 





12-year-old cows. 13-year-old cows. 


Combined Combin: 
Yield (in , 1909. years. . , years. 
gallons). 


Fre- Fre- | Per- Per- 
quen-| cent- 
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TaBLe I.—Frequency distributions for variation in average weekly milk yield of Ayrshire 
cows of different ages—Continued 





16-year-old cows. 





Yield (in gallons). . 1909. Combined years. 





. | Frequency.| Percentage. | Frequency.) Percentage. 
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TABLE II.—Frequency distributions for variation in percentage of fat in the milk of 
Ayrshire cows 





2-year-old cows. 3-year-old cows. 





Fat 
percentage. 
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TaBLe II.—F, requency distributions for variation in percentage of fat in the milk of Ayr- 
shire cows—Continued 
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TABLE II.—Frequency distributions for variation in ppeminge of fat in the milk of Ayr- 
shire cows—Continue 





8-year-old cows. 9-year-old cows. 
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TABLE I1.—Frequency distributions for variation in percentage of fat in the milk of Ayr- 
shire cows—Continued 
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VARIATION CONSTANTS 


Before undertaking any discussion of the distributions given in Tables 
I and II it is desirable to have at hand the simple physical constants, 
means, standard deviations, and coefficients of variation deduced from 
them. ‘These constants are accordingly given in Tables III and IV. In 
the calculation of the standard deviations Sheppard’s correction of the 
second moment was used in all cases. 


TaBLE ILI.—Constants for variation in weekly milk yield 





Mean weekly | Standard de- 
Age of cow. yield (in viation (in 
gallons). . 


Coefficient of 


variation. 





13. 9070. 274 - 40040. 193 17. 260+ 1. 432 
13-407 . 243 - 5694 .172 19. 16541. 326 
13- 610% . 183 - $14 .129| 18. 471+ - 980 


14-029+ .065 399 .046] 17.0534 .337 
13- 701% «058 » 480+ . 041 18. 103+ .310 
13-84t .044 - 449% .031 | 17- 690+ «229 


15. 289+ .080 734% .057| 17.8854 .384 
15.177 .076 750% .054| 18.1184 . 367 
15-230 . 055 - 743% 039 | 18.0124 . 266 


16. 5584 .092 . 7984 . 065 16. 899+ . 572 
16. 38a .083 -71gsk .059| 16.5754 .368 
16. 463 .062 - 755 -044| 16.736 .272 


17. 698% .109 | 2.933% .077| 16. 575+ .449 
17. 314% .092 2.972% .065 317. 163+ .385 
17-4704 .071 | 2-96a+ .050| 16.9554 . 294 


+117 | 3-079% .083 | 16.8464 . 464 
+098 | 2.8774 .069] 16. 103+ .397 
+075 | 2970+ .053| 16.456 «322 


+122] 2.9844 .086| 16.477 .491 
+ 104 2.952 .074 16.071+ .410 
+079 | 2969+ .056] 16.2584 «315 


+135 | 2-o1rt .0905/ 15.5664. 
+125 | 290rt .088| 15.739+ . 489 
+092 | 2-gogt .065| 15-6754 . 


+183 | $-049% .130] 16.3184 
18.773 «147 3.0304 .104 16.1384 . 
18. 738% .115 | 3.037% .081 | 16.2104 


+250] 3-593 .177] 19-5604 . 
17-889 .199} 3-O59% .140] 17. 101+. 
18. 111% .158| 3.330% .112 | 18.384 .638 - 


18. 790% .300) 3.143% . 212 16. 726+1. 160 
18. 205+ «251 | 3.025% .178| 16.61741. 002 
18.4574 -193 | 3 O87 .137 | 16.7234 . 761 


19.036 .44r | 2-905% .312]| 15- 77341. 682 
18. 6164 «313 2.968% . 221 15- 94341. 218 
18. 750+ .256| 2-986+ .181 15.924 .989 


17-932 «505 | 3-509+ .357| 19. 56642. 065 
17-972 .603 | 3-795 .427 ai. 11642. 477 
17-950 «388 | 3-640t .274| 20. 28041. 591 


15 years ..| 9%. s00%2. 787 | 3.74741. 264 | 17. 42946. 053 
..| 197-7764 471 | 3.0464 .333 | 17.138+1.929 
18. 13m «487 | 3-306 .344| 18. 23441.958 


16 years 18. s00t1.071 | 2.245% .757| 12: 137+4.153 
17. 500+ .658| 2.389 .465 | 13: 65342. 707 
17-875 .564 | 2.3644 .399 | 13- 22542. 269 


Weighted means (total) 16. 489 2. 806 17. 081 
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TaBLe IV.—Constants for variation in percentage of fat in the milk of Ayrshire cows. 





Mean fat per- 
centage. 


Standard de- 
viation (in 
percentage). 


Coefficient of 
variation. 





Weighted means (total). . 


3- Sorbo. 033 
3-825 -030 
3-852 +023 


@ 3.924% «ort 
b 3.915 ort 
3-895 -008 
3-90g+% -006 


3-770% +OIt 
© 3.785% 010 
4 3. 780% 009 

3°775% +007 


3-741 .o12 
3-694% +010 
3-716 -008 


3-705 
3- 672% 
3- 685+ 


3-694 
3- 089 
3-69tt 


3-592 


3-500 
3-500t . 
3- 500+ 


3- 800+ 
3-617 
3- 66a+ 


© 29240. 024 
313% 021 
+31rt .016 


@.4tat .008 
> .384+ .007 
344% -006 
+301 -005 


+359 008 
©.342% .007 
4.326 .006 

+342 +005 


+3584 
+3354 +007 
+340 


+314 
+3224 
+3192 


-3ta+ 
+305+ 
+ 


+ 306+ 
+323 - 
+3164 


«313+ 
+294 
+303 


2308+ 
278 
-agtt 


2312+ 
306+ 
+3t0t 


- 286+ 
+338 
+3264 


- 288+ 
2273+ - 
+286 


o27tt 
+353+ 
+j10+ 


+096 
+225t 
2164 


+198 
131 
T70+ 


7. 49640. 611 
8. 180+ «552 
8.0804 . 415 


S10. soot . 202 
& 9.8164 «191 
8.8204 .148 
9- 260% .118 


9- 513% «200 
£9.0344 -.179 
48.6264 «172 

9 Oss «13t 


9 579% 225 
9-074+ -198 
9 320% «149 


8.481% .225 
8.772 «193 
8.664 .147 


8.4484 .228 
8.259% «200 
8.3344 «150 


8.358% .244 
8.8014 .221 
8.6174 «164 


8.640+ . 
8.047 
8. 336+ 


8. 569+ . 
7+ 732+ 
8.072% 


8.ssat . 
8.480% . 
8. 5364 


7-936 . 
9- 412+ 
9- 0664 


7- 78s . 
7- 684+ 
7942+ 


7-$27% +770 
9- 835+. 116 
8.641% .656 


2.736% .923 
6.4364 .707 
6.180% .646 


s- 20841. 761 
3-628 .707 
4-650+ .786 





3-738 


+330 


8.827 

















@ Including the two very high testing cows. ¢ Including the one very high testing cow. 
b Without the two very high testing cows. 4 Without the one very high testing cow. 

From these tables a number of points are to be noted. 

1. It is evident that the mean weekly yield and the fat percentage 
change with the age of the cow. The nature of these changes will not, 
however, be discussed here but will be analyzed in detail in a later sec- 
tion of the paper. 
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2. From comparison of the results here given with those of Vigor (28) 
it is seen that while, the general, the agreement is fairly close, there are 
some rather striking differences. Taking weighted means from ‘Tables 
III and IV, we see that the mean weekly yield is slightly lower, and the 
mean fat percentage slightly higher, in the whole group than in the 
Fenwick district data alone. The differences in the means, however, 
are small and probably of no significance. When we turn to variation 
as measured by standard deviations, there is a striking difference in 
weekly yield. The weighted mean standard deviation for the whole 
group is 2.806 gallons, while Vigor finds for the Fenwick district alone 
4.0704 gallons. This is a large and statistically significant difference. 
In fat percentage the standard deviations are practically alike for the 
two sets of data, our weighted mean value being 0.330 and Vigor’s 0.3229 

3. The explanation for the difference in variability in weekly yield 
between our figures and Vigor’s is not far to seek. It lies mainly inthe 
fact that Vigor has dealt with cows of all ages lumped together, while 
in the present paper each year of age is dealt with separately. Natur- 
ally when dealing with a character which changes with age so extensively 
as does milk yield, as has recently been discussed by Pearl (72), the 
variation exhibited will be markedly increased if animals of all ages are 
lumped together. In order to determine how much of the difference in 
variation was due to this cause and how much to other factors Table V 
has been prepared. ‘This table gives the distribution for weekly yield 
obtained by adding together all of the ‘“‘combined”’ distributions for the 
several years, as set forth in Table I. — 


TABLE V.—Distribution for weekly yield combined for all ages and for the whole area to 
compare with Vigor’s data for the Fenwick district alone 
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Mean=15.991+0.027. Standard deviation=3.329+0.014. Coefficient of variation=20.816+ 0.088. 


4. The difference between this value of the standard deviation and 
Vigor’s, while reduced, is still sensible. It amounts to about 0.742+ 
0.082. ‘This remains to be accounted for. We find it difficult to suppose 
that the selection of relatively long lactations in the present data can be 
the cause, since Vigor himself has shown that there is no sensible cor- 
relation between either mean weekly yield or fat content and duration 
of lactation. We are much more inclined to the view, especially in the 
light of unpublished results on milk production in other breeds of cattle, 
that the Fenwick district returns give somewhat abnormal values in the 
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direction of heightened variability and also in certain other respects which 
need not be gone into here. 

5. Comparison of the present results with those of Gavin (2, 3) leads 
to the same conclusions as those reached in the preceding paragraphs. 
In Gavin's first paper (2), where 1,233 normal lactations of cows of all 
ages lumped together are discussed, coefficients of variation are givenas 
follows: For total lactation yield 25.72; for average daily yield 25.78; 
for maximum daily yield 24.68; and for revised maximum daily yield 
24.77. These values are of the same order as those from Vigor’s data 
(coefficient of variation about 24.2) and from the total combined dis- 
tributions (Table V) of the present paper. In a later paper Gavin (3) 
deals with each of the first five lactation periods separately for a group 
of about 375 cows. From his data we find the weighted mean coefficient 
of variation for these five lactations to be 17,998, a value sufficiently 
close to our weighted mean value for single years of age. 

6. Turning to the fat percentage, we see that Vigor’s values of 3.681 
for the mean and 0.323 for the standard deviation are substantially 
identical with our weighted mean values of 3.738 and 0.330. Pearson 
(23) has also given some reductions for variation in Ayrshire fat per- 
centages, and the present values are again in close accord with his. 

7. It may be concluded that the values of the means and variabilities 
here given represent essentially normal values for Ayrshire cattle. 
These constants will be of considerable usefulness as time goes on, for 


purposes of comparison with other breeds and in the study of special 
problems. 


THE COMPARATIVE VARIABILITY OF MILK PRODUCTION 


Milk production is essentially a physiological character. It is a matter 
of some interest and significance to examine the variability of the 
character in comparison with other physiological characters and also 
with some that are more strictly morphological, as, for example, bone 
measurements. Such comparisons may be made through the coefficients 
of variation. It must, however, always be kept clearly in mind just what 
a coefficient of variation is; and care must be taken to avoid drawing too 
sweeping or even entirely unjustified conclusions from comparison of 
these constants. What the coefficient of variation measures is the per- 
centage which the “scatter”, or variation exhibited by a distribution as 
measured by the standard deviation, is of the mean of the character vary- 
ing. For some purposes this percentage is meaningless. It is therefore 
idle to try to furce its use for those purposes. It will undoubtedly be 
presently supplemented by some other constant for the measurement of 
other aspects of comparative variability. It has, however, a perfectly 
definite, if limited, meaning. It is a unique constant of any distribution, 
expressed in abstract units. As such it may be used for purposes of 
comparison, always remembering that one must be cautious as to the 
manner in which conclusions drawn from such comparison are stated. 
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In Table VI are given coefficients of variation for a number of char- 
acters for purposes of comparison with milk yield. The coefficients are 
arranged in order of descending magnitude. 


TABLE VI.—Coefficients of variation for various characters 





Coefficient 
Characters. of — Authority. 





Number of children per family (New South Wales)...... 48.4 
Area of comb (domestic fowl) 39-97 
Weight of spleen (English mal 38. 21 
Size of litter (mouse 
Lambs per birth (sheep 
Dermal sensitivity (En 19). 
Annual egg peoteee | sai fowl) i Deorl an an os (15). 
Size of litter (Poland-China swine) Surface (27). 
Size of litter (Duroc-Jersey swine) ‘ Do, 
Milk yield (total lactation) . Gavin n (2). 
Milk yield (daily average) is 
Fecundity 9 (horse) 5 Calculated from data in Pearson(2z). 
Heart walt (English males) ee Greenwood and Brown (5). 
Weight of kidneys (English males). -_ 
Weight of liver (English males). ... 
Swiftness of flow (English males) 
peey weight (English males) 

evised maximum daily milk yield (for given age) 
Westy milk yield (Ayrshire cattle) 
Breathing capacity (English a). 
Strength of pal English males) 

Weight of shi egg (domestic fowl). 
Body weight | (dansestc fowl) 
Weight of albumen of egg (domestic fowl) 
Length of red blood corpuscles (Bufo tadpoles) 
Weight of yolk of egg (domestic fowl) 
a of fat in mix ‘ Pel (10). 
ield of mixed milk (daily fluctuations) t Unpublished data in this labora- 


tory. 
Weight of egg (domestic fowl) 4 Pearl and Surface (16). 
Brain be ht (Bavarian males) 


" 1 (9). 
Length of forearm (English males) y Pearson and Lee (24). 
Length of femur (French males) " Pearson (79). 
Length of egg emnestie fowl) > Pearl and Eeestace use 
Stature (English males) . Pearson and Lee (24). 
Horizontal circumference of skull {Bay lish males) “ foctones (7). 
Specific gravity of egg (domestic fowl ‘ Pearl and Surface co. 











a Fecundity here means the fraction which the actual number of offspring arising from a given number 
of coverings is of the possible number of offspring under the circumstances. 


This table brings out the well-known fact, which has been discussed in 
some detail by Pearl (9), Gavin (2), and others, that, in general, physio- 
logical characters exhibit high coefficients of variation as compared with 
strictly morphological characters. Characters which are intermediate in 
their quantitative determination, as, for example, the length of the egg in 
the domestic fowl, give coefficients of variation intermediate in value. 
Purely physical characteristics which are usually regarded by physicists 
and chemists as “constants,” such as the specific gravity of eggs, show 
very low coefficients of variation. 

It is of interest to compare the coefficients of variation for total yield 
and absolute amount of fat in the mixed milk of a large herd with 
those for milk yield as discussed in the present paper. It is seen that 
the former are about 9, whereas the coefficients for milk yield give values 
of about 17 to 25, depending upon whether cows of all ages or of a single 
age are considered. 

In secular variation in the amount or quality of the mixed milk of a 
large herd, individuality of the animal as a source of variation is entirely 
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eliminated. The observed variation must, therefore, be due to the com- 
bined action of all the external environmental influences which affect in 
greater or less degree the milk yield of every cow. 

On the other hand, the constants of variation for milk yield determined 
in this paper are based upon the diversity or variation in weekly yield 
exhibited among a large number of different cows. Here one primary fac- 
tor in the causation of the observed variation must be the individuality of 
the animal with respect to milking ability. By individuality in this sense 
is meant the genotype of the individual with regard tothe character named. 
But in the causation of the variation in milk yield as here discussed there 
must be involved the combined influence of the individuality of the 
animal plus that of all the environmental factors which act in producing 
variation in the mixed milk of the herd, since each of these causes influ- 
ences every individual animal while it is making its individual record. 

It is therefore possible to make comparison here between observed 
variations (as measured by the coefficient), due, on the one hand, to en- 
vironmental influences alone and, on the other hand, to genotypic differ- 
ences plus environmental influences. The difference should represent 
in a general way that part of the observed variation due to genotypic 
differences. 

The figures as they stand suggest that roughly about one-half of the 
variation (measured by the coefficients of variation) in milk production 
results from the varying genotypic individuality of the animals with re- 
spect to this character, and the other half results from the varying exter- 
nal circumstances to which cows are subjected during lactation and 
which have an effect upon the flow of milk. Or, to put the matter in 
another way, if the conclusion just stated were true it would mean that 
if a large number of cows were placed in environmental circumstances 
which were at once ideal and uniform we should expect the variation 
exhibited in milk production to be roughly about one-half of that which 
we actually find when we measure this variation under ordinary cir- 
cumstances. 

Another point of interest in connection with Table VI is the com- 
parison of the coefficients of variation for milk yield with that for the 
weight of the albumen of the egg of the domestic fowl. Both of these 
are secreted products. The weight of the shell of the egg is another 
character falling in the same category. The figures here given indicate 
that the variation in these characters, taken in relation to their respec- 
tive means, is greater for milk secretion than for albumen or shell secre- 
tion. Or, put in another way, the oviduct as a secretory organ appears 
to work truer to type than does the udder of the cow. This result is 
what would be expected from all that is known of the physiology of the 
two organs. ‘The secretory activity of the cow’s udder is apparently 
very much more easily influenced by external circumstances and by 
nervous impulses than is the oviduct of the fowl. 

122502°—19-—_5 
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ANALYTICAL DISCUSSION OF VARIATION IN MILK PRODUCTION 


Turning next to the analysis of the variation in mean weekly yield 
and in fat percentage by fitting skew curves to the observed frequency 
distributions, we have the results set forth in Tables VII and VIII. 
Table VII gives the analytical constants for mean weekly yield and 
Table VIII those for fat percentage. In fitting the curves the combined 
distributions for the two years 1908 and 1909 have been used throughout 
in the case of weekly yield. In the case of fat percéntage the combined 
distributions have been used for all ages except 3 and 4 years. Since 
there was some doubt as to whether, at these ages, the fat distributions 
for the two years were significantly different from each other, it was 
thought best to fit the 1908 and the 1909 fat distributions separately 
for hoth of the ages mentioned. 


TABLE VII.—Analytical constants for variation in mean weekly yield 





4 years. | 5 years. | 6 years. 7 ycars. 





1,118 909 804 712 
30. 1002 30- 3681 35-0959 35-2890 
21-6903 61. 4079 55+ 2151 80.0331 
2,986. 7220 | 3,604-8731 | 4,201-6107 4) 307-9103 
+0173 +1346 +0705 +1458 
+1313 + 2656 +3818 


+3669 
3- 2965 3+9089 3-4112 3+4593 
9089 


+ 2965 . +41I2 +4593 
+5413 1.4138 +6107 +4813 

sop vt d +0240 0746 +0883 +2357 
Skewness... 4 - 0688 +0560 «1302 +IIIS +1661 
d (gallons). . ; : +1537 +3587 . + 4934 

















12 years. 








320 116 

36. 9035 44-3448 38. 1075 
44: 3365 —22. 3850 117-4164 
4, 387-5182 | 7,459-8357 4,642 5835 
+0391 +0057 +2491 
+1978 +0758 +4991 
3+2217 3+ 7935 +1970 
+2217 +7935 +1970 
+3260 1. $698 +3535 
+0909 +0009 +1203 
- 0895 —.0259 +2817 
+2718 —- 0863 - 8695 
3+0374 + 3296 3-0866 
18- 7375 18. 1114 18. 4569 
18. 4657 18.1977 17-5874 
45+ 0305 
54-4776 
9: 4471 

6.52 
+1534 
+. 3068 
+-0767 
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In the graduating of the observational data Pearson’s (18, 20) skew 
frequency curves and his method of moments have been used through- 
out. In the tables the moment coefficients are given in terms of units of 
grouping. 

Only the distributions for the ages 3 to 12 years, inclusive, have been 
subjected to analytical treatment. Outside of these limits the numbers 
involved become so small as to make the discussion of them from the 


point of view of mean weekly yield and fat percentage not worth the 
labor involved. 


TABLE VIII.A—Constants for variation in fat percentage 





3 years. 





Constant. 





d (percentage) 
@ (percentage). ..... 
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The histograms and their fitted curves are shown in figures 1 to 4. 


ll 13 15 17 19 21 23 25 27 29 


MEAN WEEKLY YIELD ~ GALLONS 


Fic. 1.—Histograms and fitted curves for variation in mean weekly milk yield of Ayrshire cows of ages 
3 to 7 years. The ordinates are plotted on a percentage basis, and since the base unit (1 gallon) is the 
same for all diagrams the areas of all are equal. 
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ll 13 15 17 19 21 23 25 27 29 


MEAN WEEKLY YIELD ~- GALLONS 


Fic. 2.—Histograms and fitted curves for variation in mean weekly milk yield of Ayrshire cows of ages 
8 to 12 years. 
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Fic. 3.—Histograms and fitted curves for variation in fat percentage of milk of Ayrshire cows of ages 
3to7 years. For purposes of illustration the 1909 curves are used in the 3- and 4-year classes. 





Sept. 15, r919 Variation in Milk of Ayrshire Cows 



















































































S; 


m4) 


A N 


= 


=" | iw 


27 2 3 33 35 3.7 39 4 43 45 47 49 51 
FAT PERCENTAGE 


Fic. 4.—Histograms and fitted curves for variation in fat percentage of milk of Ayrshire cows of ages 
8 to 12 years. 
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The equations to the various curves are as follows: 
Mean weekly yield 


x? —22.7692 10.7802 -“—— 
+ -Y=33- 7848( 1+ a) e Pearson’s Type IV. 


x2 13.6324 3.9661 tan=! Py =m 
, y=s2.7750( 1+5"sogz) e Do. 


— 6.8866 tan~!—_——_ 
) — 17. 4 


. .~=47.406 
Y=47.4 (45 7534 


ao pl come 
) 12.4973 7.1576 tan sos 


otitis s(t 733% 


16. or6e tan-!1_—— 


15.4198 
= 27. _ 
. -Y=O. 9198 (1+ Sas a) e 


x2 10.8431 5.9709 tan! —— 
) € ~ se Do. 


- Y=IO. 871(14+ 3364 


21,0838 66.9477 
; ym31.4278(1 +i) (:-5%,) Pearson’s Type I. 
a 
. .Y=21.0148 € “13-8078 Normal curve. 


x2 “6 2805 
. -Y=I3. 0538(1+ 5 <a) Pearson’s Type II. 


x 5.6158 25.4498 
‘ .y=7.643( +3555) (:-—42) Pearson’s Type I. 


Fat percentage 


22.1236 pe 4278 tart—=— 
, -y=0.0038( 1 +o a) Pearson’s Type IV. 


48.8478 


— 2.04832 
. .Y=96.2952 € (: +— Pearson’s Type III. 


23. a 


Pearson’s Type IV. 


x 
- ~ a oe 
) 15.4559 19.1242 tan 15.8008 


. -~=0.2183 (: +545 66a; 6647 


65.3887 i” 286.7682 
1909. .y=72. 3605(1+ eats (:- satan) Pearson’s Type I. 


om 
23.3736 


x2 31.1847 33.2496 tan™! 
) e Pearson’s Type IV. 


. .ymo.o2a4( 1 1376 .3040 3240 


—35-1463 36.8364 tan=! a50sst . 
. =O. o098( 1+ oes. aan) e Pearson’s Type IV, 


5-8303 9.0123 
. .y=87.2637 ‘Cr =) (:- 9 a, Pearson’s Type I. 
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pe 24.7018 * 172.7511 
8 years. .y=8r.3119(1+=55—) (-a) Pearson’s Type I. 


Ps 16.6417 x 32.0755 
wore Ty s9-7382( 24525555) (0 Fe) yi 


x 
x? —56.1987 147.9872 tan“!—_—-— 


34 18.1743 ’ 
Io years. .y=9.6682 X 10 (+5555) e Pearson’sTypelV. 


8.2292 
Ir years. .y=24,988a(1-,* =) Pearson’s Type II. 


—52.0148 106.7238 tan 
) e “~”Pearson’s TypelV. 


—20 x2 
1a years. .y=2.5479 X 10 (toe 

From Tables VII and VIII and the accompanying curves the follow- 
ing points are to be noted: 

1. It is apparent that the fitted curves give very good graduations 
of the data throughout. Pearson’s generalized probability curve has 
been shown by experience to be applicable in one or another of its types 
to so wide a range of cases that a new application calls for no special 
mention. However the continued addition of new classes of data 
easily and perfectly graduated by these curves is the best refutation 
of the criticisms which were formerly made against them. 

2. The general tendency of these milk production and fat percentage 
variation curves is plainly toward positive skewness. All of these 
curves show a positive skewness, with the single exception of the mean 
weekly yield curve for cows 11 years old. There the skewness is minus 
but in comparison with its positive error (on the basis of the normal 
curve) is insignificant. In other words, this curve for 11-year-old cows 
is, within the limits of error of random sampling, a symmetrical distribu- 
tion. All the others are skew in the positive direction, or, in other 
words, the mean is greater than the mode. 

3. Considering the probable error of this skewness on the basis of a 
normal curve, it is seen that in 7 out of the 10 curves for the mean weekly 
yield the skewness is three or more times its probable error. In 2 cases 
it is somewhat less than three times its probable error, while in 1 case 
the skewness is certainly insignificant—that for 11 years, as already 
noted. In the case of fat content 9 out of the 11 curves show a skew- 
ness three or more times the probable error. In 2 of the remaining 
cases the skewness is nearly three times the probable error, while in 1 
case—that of the 12-year-old cows where the number of individuals 
concerned is small—the skewness is distinctly less than three times its 
probable error. From these figures it is plain that in general these 
Ayrshire milk variation curves show a significant tendency toward 
an asymmetry indicated by a positive skewness. 
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4. It is of some interest to examine the weighted mean value of the 
skewness for all the curves, the weighting being in proportion to the 
number of individuals involved, in comparison with the skewness ex- 
hibited in the variation curves of other characters. We have for the 
weighted mean value of the skewness for mean weekly yield, the 11- 
year curve being omitted, a value of +0.1047. For the variation curves 
for fat content the weighted mean value of the skewness is +0.1338. 
It was shown by Pearl and Surface (75) that in variation in annual 
egg production in Barred Plymouth Rocks the skewness is always 
negative and usually significant. This difference in skewness between 
the two characters milk production and egg production is striking. 
Curves of variation in egg production tail off more on the side toward 
low egg production, whereas the curves of variation in milk production 
tail off more on the side toward high production. The weighted mean 
values of the skewness for annual egg production in three successive 
years were found to be —0.280, —0.122, and —o.108. In other words, 
the values in general were of an order of magnitude not far from that 
here found for the skewness of curves of variation in milk production. 

5. It might at first thought be supposed that the direction of the 
skewness in milk productive curves was due to selection—that is, to the 
continued culling out of the poor producers. Since, however, the same 
factor of selection in the direction of the high producers was operative 
to as great or even a greater extent in the making up of the flocks from 
which the annual egg production variation curves were obtained, it seems 
perfectly clear that selection can have had very little to do with bringing 
about the difference in direction of skewness exhibited by egg and 
milk production curves respectively. The inference would then seem 
strongly justified that selection had nothing to do with the production 
of the asymmetry of the variation curves in either case considered by 
itself. 

6. Additional interest is given the matter when an examination is 
made of the facts regarding the direction of the skewness in the varia- 
tion of the hen’s egg in size characteristics. Such data have been fur- 
nished by Pearl and Surface (16). They show (p. 184) that in the 
variation of egg length, egg bulk, egg weight, and egg breadth the skew- 
ness is positive and significant in all cases except that of breadth. We 
see here again emphasized a point which comes out frequently in bio- 
metrical work—namely, that there is frequently between characters 
a parallelism in variation corresponding to a parallelism in the 
underlying physiological bases of the characters. ‘This relation 
is clearly apparent in the present instance. The size of the egg is 
primarily determined by the secretory activities of the oviduct. It is 
a character which is physiologically much more directly comparable 
to milk production than is total annual production. Primarily the 
latter depends physiologically upon quite another thing—namely, the 
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inherited genes for fecundity which determine the frequency and regu- 
larity of ovulation. Corresponding to the physiological parallelism 
in egg size and milk production is found corresponding asymmetry of 
the variation curves, as well as a closer relationship between other of 
the variation constants in the two cases than is found when milk produc- 
tion is compared with egg yield. 

7. Considering the types of the curves, we find that 7 out of 10 curves 
for mean weekly yield give upon analysis unlimited range curves— 
in 6 cases the skew Type IV and in one case the symmetrical normal 
curve. Something approaching the reverse condition is found with 
respect to variation in fat percentage. Five out of the 12 distributions 
for this character lead upon analysis to curves with the range limited 
at both ends (Type I) and one to a curve of Type III, which is limited 
at the lower range end. The remainder of the curves are of Type IV, 
but near the border line of passage over to the limited range types. It 
would then appear that the physiological fact that variation in percentage 
of fat content will necessarily tend to be confined within relatively nar- 
rower limits than variation in total flow of milk is reflected in the dis- 
tribution of the several curves in respect to type. 

8. The estimation of the range ends in the case of the limited range 
curves is on the whole fairly good, leading in no case to absolutely impos- 
sible values regarding the probable errors involved. The determina- 
tion of the range ends in the Type I curve is subject to rather considerable 
probable errors. The most extreme range end estimation in mean 
weekly yield is that given by the curves for 9-year-old cows. This 
gives for the upper range end 67.2 gallons a week. This of course would 
be an extraordinarily high average weekly yield, yet it probably can not 
be regarded as physiologically impossible. It certainly would not be 
for a single week. Indeed such a record is rather frequently exceeded 
by Holstein-Friesian cows which on official tests may occasionally go 
to a production over 100 gallons per week. In fat percentage the most 
extreme range estimation is for the 1909 curve for 4-year-old cows, 
which gives for the upper end of the range 16.6 per cent fat. Again 
this figure, while of course extraordinary for an average test, probably 
indicates no physiological impossibility for brief periods of time. That 
such is the fact is indicated by some of the short period tests of Jersey 
cows. 

9. In all of the curves for mean weekly yield the kurtosis is positive. 
In other words, these curves show a tendency of greater or less degree 
toward the leptokurtic condition. They are more peaked than would 
be normal curves of corresponding standard deviations. The value of 
the kurtosis is probably significant in all the mean weekly yield curves, 
with the exception of those for 3-year-old, 9-year-old, 10-year-old, and 
12-year-old animals. In curves of variation in fat percentage there is 
no such uniform tendency in regard to the value of the kurtosis. The 
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1908 3-year-old curve is probably significantly leptokurtic. The 1909 
3-year-old curve does not appear to differ significantly from the normal 
in this respect. The same relations hold in regard to the 1908 and 1909 
4-year-old curves. The 5-year-old distribution is distinctly leptokurtic. 
The 6-year-old distribution is probably mesokurtic. The 7-year-old 
distribution is probably platykurtic. This is the first of the fat curves 
to give a negative value for the kurtosis. The remainder of the curves 
are significantly mesokurtic. 


CAN THE VARIATION IN MEAN WEEKLY YIELD BE BETTER REP- 
RESENTED BY THE SUM OF TWO NORMAL CURVES OR BY A 
UNIMODAL SKEW FREQUENCY CURVE? 


An examination of certain of the raw distributions for variation in 
milk yield suggested that possibly we were dealing here with bimodal 
distributions. Such a possibility is well worth testing thoroughly on 
theoretical grounds, since if it were found that milk production curves 
were bimodal this fact might be used as a first point of departure in the 
determination of the number and characteristics of the (presumably 
multiple) genes concerned in the inheritance of this character. We 
have consequently subjected certain of the distributions to the method’ 
of analytical dissection discovered by Pearson (17). 

The distribution chosen for dissection were those for 5- and 6-year-old 
cows, the combined distribution for the two years (1908 and 1909) 
being used in both instances. (Compare Table I.) 

It will not be necessary here to go over all the details of the laborious 
arithmetic involved in this work. It will suffice to show, as is done in 
Table IX, the best solutions when these two distributions are regarded 
as the sum of two normal curves in each case, 


TABLE IX.—Constants of the component normal curves in the variation in mean weekly 
ield 























yie 
5-year-old cows. 6-year-old cows. 
Constant, 
First Second First Second 

component. | component. | component. | component. 
OO ke a Oe Ae ee Pe OTe Te 716.900 | 192.100] 496. 600 307. 400 
Mean (eotons} bene ght 64h MLE Tis 16. 115 17. 764 16. 18. 408 
ePID 55. V'kis 0's op 4c Py TO es 2. 298 3-752 2. 418 3. 476 
PUR RIEIINUE , 0. sisnnds eaoig hein enaptes 62. 220 10. 210 40. 970 17. 640 





From this table it is seen that the dissection gives in both cases a 
lower component curve of large area and small standard deviation and 
an upper component of smaller area and much larger standard deviation. 
This is exactly the sort of result which might well be expected if milk 
yield depended upon two hereditary factors, the higher one of which 
was linked with sex or some other factor. 
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The graduation obtained by the summing of two curves was, in 
general, a good one. But before drawing any conclusions regarding 
genetic factors from these successful resolutions of the variation curves 
into two components it will be well to determine quantitatively, by 
means of Pearson’s test for goodness of fit, whether the two component 
curves or the unimodal skew curves give the better graduations. Carry- 
ing out this test the following values are found: 














Skew curve. eer ><a 
IONE OR 6k os od ca ciecctane ds cds dbp ok cokes ede webs P=0.774 P=0.717 
ae ere eer pee Par Gare mee fee, Wot 5 Pamee ronry a P=0.624 P=0.599 





It thus appears that while both the skew curves and the 2-com- 
ponent curves graduate this material rather well, there is a distinct, 
if not large, advantage with the skew curve in each case. 

To sum the whole matter up it may be said that, while it is possible 
to graduate milk production variation distributions as the sum of two 
normal curves, the resulting fit is not so good as that obtained with the 
appropriate skew frequency curves. There is no evidence fiom the 
analysis of the variation curves to indicate either that milk production 
distributions are bimodal or that this character depends upon two 
rather than some other number of genetic factors. 


THE RELATION OF MILK AND FAT PRODUCTION TO AGE 


With the analyzed variation data in hand it is possible now to con- 
sider the problem of the changes in milk production per unit of time and 
in mean fat percentage, with advancing age of the cow. The great 
importance of a thorough and comprehensive knowledge of these rela- 
tionships, if one is to make any adequate investigation of the inheritance 
of milk and fat production, is sufficiently obvious. It is a perfectly 
well-known fact, incorporated in all rules for advanced registry of 
dairy cattle, that milk production does change with age, and to a marked 
degree. Until investigations on this subject were undertaken in the 
Biological Laboratory of the Maine Station some years ago it has always 
been assumed by those (such as advanced registry officials) who have 
had to deal with the problems that the changes of milk production with 
age were linear up to “‘mature”’ age, usually taken as 5 years, and that 
after that time there was no further change with advancing age. How 
far wrong such an assumption is will be shown graphically below. It 
was pointed out two years ago by Pearl (r2) in a preliminary paper 
based on calculations then completed that the fundamental law of 
change with milk flow with age is logarithmic. 

Let us now examine the facts for Ayrshires, considering first mean 
weekly yield. The necessary data are given in Table III. The mean 
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weekly yields in gallons for the combined distributions from age 2 
to age 16, inclusive, are exhibited graphically in figure 5. The zigzag 
line gives the observed production as ordinate against age as abscissa. 
The smooth curve is a logarithmic curve of which the equation is 


y = 12.4766 + 0.6146x — 0.03662? + 3.6641 log x, 


where y denotes mean weekly yield in gallons and x age in years, taking 
origin from 1 year. This curve was fitted by the method of moments 
(compare Miner &). 
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Fic. s.—Showing the change in mean weekly yield of milk in Ayrshire cows. The smooth curve is 
of the form y=a-+bx+ cx*+d log x. r 


The actual figures, observed and calculated, are given in Table X. 

It is evident from Table X and the diagram that the change here is 
logarithmic. No better agreement between observation and theory than 
that here shown could be expected. The law of change may be stated in 
words in the following way: In these Ayrshire cattle the absolute amount 
of milk produced per unit of time increases with the age of the cow until 
a maximum is reached, but the rate of increase diminishes with advanc- 
ing age until the absolute maximum of production is reached. After the 
time of maximum productivity the absolute production per unit of time 
decreases with advancing age, and at a continually increasing rate. ‘This 
conclusion agrees with that of Pearl and Patterson (13) for Jerseys. 
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TABLE X.—Comparison of observed mean weekly yields at different ages with those cal- 
culated on the assumption that the change is logarithmic 





Mean weekly yield (in | Mean weekly yield (in 
gallons). | gallons), 


Age (in years). | Age (in years). 








Observed. Calculated. | Observed. | Calculated. 
| 





13. 610 13. O55 18. 738 18. 524 
13. 841 14. 656 18. 111 18. 610 
15. 230 15. 730 18. 457 18. 608 
16. 463 16. 544 18. 750 18. 519 
17. 470 17. 183 17.950 18. 346 
18. 049 17. 684 18, 131 18. oor 
18. 260 18. 067 17. 875 17.754 
18. 556 18. 344 




















With the equation relating to mean weekly yield and age in hand we 
may consider the important problem of the age at which milk produc- 
tion is at a maximum in these cows. To get an answer to this question 


we have obviously only to equate to zero and solve for x. 


dx 
We have 


dy 1.5913 
y= 0. 6146—0, 0732%+ Rs 


When om we have 
dx 
“= 10.4720. 

Or, we may say that in the large group of cows here dealt with the 
maximum rate of milk production per unit of time is reached only when 
the cow is 10% years old. 

Turning next to the relation of fat percentage to age, we have the es- 
sential data exhibited in Table XI, the values being taken from Table IV. 


TABLE XI.—Mean fat percentage at different ages 





Mean fat percentage. Mean fat percentage. 
Age (in years). Age (in years). 
. Observed. | Calculated. Observed. | Calculated. 














3. 852 3. 862 SO ere a 3- 607 
3. 827 3- 629 3 

3-793 3- §99 3- Gor 
3-759 3- 606 3- 598 
3-725 3- 592 3- 595 
3- 590 3 500 3- 593 
3 poe 3- 662 3+ 59° 
3- 622 




















From an examination of the observed figures it appears that in general 
the fat percentage tends to decline with advancing age until the tenth 
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year is reached. From that point on, allowing for chance fluctuations 
and the fact that the numbers dealt with get progressively smaller, the 
fat percentage appears to remain about constant for the rest of the cow’s 
milking life. Consequently, it has seemed best to break the curve at the 
10-year point and fit the two parts separately, each with a straight line. 
The resulting figures are given in the “calculated” column of Table XI, 
and are shown graphically in figure 6. The equations to the two lines 
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FiG, 6.—Showing the observed (zigzag line) and calculated (straight line) changes in the mean fat per- 
centage of the milk of Ayrshire cows with advancing age. 
are as follows, the fitting having been done by the method of least 
squares. 


From 2 to 10 years of age: 


¥ = 3.896 — 0.03432. 
From ro to 16 years of age: 
y = 3.610—0.0028x. 


SUMMARY 


This paper presents the results of a biometrical analysis of variation in 
the quantity per unit of time, and the quality, as indicated by fat per- 
centage, of the milk of Ayrshire cows. Its purpose is to establish normal 
constants for interindividual variation in these characters, to serve as a 
base of reference in future genetic studies on milk production. 
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The chief results of this first part of the investigation may be sum- 
marized as follows: 

(1) The mean weekly yield and fat percentage of the milk change in a 
considerable degree and definite manner with increasing age of the cow. 

(2) The weighted mean standard deviation and coefficient of varia- 
bility for mean weekly yield of cows of any given age are 2.806 gallons 
and 17.081 per cent respectively. Reasons are given tending to show 
that these may be taken as very close approximations to true normal 
values. For cows of all ages lumped together the corresponding values 
are 3.329 gallons and 20.816 per cent. 

(3) For fat percentage the weighted mean values for cows of any given 
age are as follows: Mean=3.738, standard deviation=0.330, and coeffi- 
cient of variation = 8.827. 

(4) A table is presented (p. 18) showing the relative variability of milk 
production as compared with other physiological characters. The udder 
as a secreting organ is compared with the oviduct of the hen; and it is 
shown that the oviduct considered as a mechanism operates with some- 
what less variability than does the udder, having regard to the absolute 
weight of the product in the two cases. 

(5) Evidence is presented which indicates that about one-half of the 
observed variation in milk production results from the varying genotypic 
individuality of the animals with respect to this character and that the 
other half results from varying environmental influences. 

(6) Milk production curves, analytically considered, tend definitely 
toward positive skewness. This is true in respect to yield and to 
quality. The weighted mean value of the skewness for mean weekly 
yield is found to be +0.1047, and that for fat percentage +0.1338. 

(7) Evidence is presented which indicates that selection can have had 
little if anything to do with determining the direction or the amount of 
skewness shown by milk production curves. 

(8) The curves for milk yield tend on the whole to fall more frequently 
in unlimited range types, while those for fat percentage tend more to 
limited range types. The estimation of range ends given by the theoreti- 
cal curves are, on the whole, good. 

(9) In geheral the tendency of milk yield curves is toward the 
leptokurtic condition—that is, they are more peaked than the corre- 
sponding normal curves would be. Fat percetitage curves do not show 
any definite tendency with respect to kurkosis. 

(10) Certain of the milk yield curves were dissected into two normal 
curves by Pearson’s method. The resulting graduation was not so good 
as that given by the appropriate unimodal skew frequency curve. There 
is no evidence that variation curves for milk production curves are 
biomodal. 

(11) The change in mean weekly yield of milk with advancing age is 
found to be represented by a logarithmic curve, and to be in accordance 
122502°—19——6 
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with a law which may be stated in this way: The absolute amount of 
milk produced per unit of time increases with the age of the cow until the 
maximum is reached, but the rate of increase diminishes with advancing 
age until the absolute maximum of production is reached. After the 
time of maximum productivity, the absolute production per unit of time 
decreases with advancing age at a continually increasing rate. 

(12) ‘The mean fat percentage of the milk was found to decline with 
advancing age until the tenth year of the cow’s life is reached. From 
that point on, the fat percentage remains about constant through the 
remainder of the milking life of the cow. 
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